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Food Uses and Properties of Soybean Protein. I. 
Food Uses° 


(Manuscript received June 28, 1960) 


SUMMARY 


Whole soybean may be baked, boiled, used for making 
sprouts, fresh and dried tofu, vegetable milk, yuba, and many 
fermented products. In the U. S. the trend had been to use a 
special grade of defatted soybean meal and of protein concen- 
trates derived from the meal. These fractions include the acid- 
precipitated protein, soluble soybean proteinate, protein con- 
eentrate 70, aerating agents, soy flour, and aleohol-washed or 
Gelsoy-type products. These products are used not alone but 
combined in standard-type food products for their functional 
effect or for improvement of protein nutrition. Food use of 
U. 8S. soybeans is expanding more rapidly in foreign countries 
than domestically. 


Sovsean MEAL (SOM) is pro- 
duced in the U. 8. at the rate of 9.5 million tons an- 
nually. It is used mainly for animal feeds, but 
specially prepared grades of the meal are the raw 
materials for a number of foods and industrial 
produets, and for isolated soybean protein. 

Commercial solvent-defatted SOM contains 44 or 
50% (N X 6.25) and is sometimes called soybean pro- 
tein. The higher protein level is obtained by removing 
the seed coat. The term ‘‘protein’’ may have origi- 
nated in the industry because the value of the meal 
is based almost entirely on its protein content. Herein 
we limit ‘‘protein’’ to more or less purified proteins 
extracted from the dehulled and defatted meal. 

An extensive review of soybeans as well as other 
sources of vegetable proteins for food use has ap- 
peared (Altschul, 1958); our review emphasizes the 
soybean proteins and protein concentrates used in 
foods. A review (Bain ef al., in press) emphasizing 
industrial rather than food use is to appear shortly. 


COMMERCIAL SOYBEAN PROTEIN FRACTIONS 


The commercial isolation of soybean protein has a 
number of variations; the two main steps, however, 
are extraction of dehulled and undenatured soybean 
flakes (Belter and Smith, 1952) with water or dilute 
alkali solution (Smith et al., 1938, 1952; Smith and 
Cirele, 1938) and precipitation of about 88% of the 
extracted nitrogen at pH 4.5 (Smith and Circle, 
1939). Laboratory yield of acid-precipitated protein 
may be as much as 79% of the nitrogen in the defatted 
meal. A pilet plant for isolating soybean protein has 
been described by Belter et al. (1944). 

The centrifugate from the acid-precipitated protein 
is called soybean whey solution. The nitrogen in the 
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whey, although variable, is about half protein and 
half nonprotein. Thus whey protein is about 6% of 
the extracted nitrogen. Because of its low concentra- 
tion, whey protein is not yet economically recoverable 
and is a waste disposal problem. 

The third fraction, or ‘‘residue,’’ in protein isola- 
tion accounts for 25-30% of the meal, and contains 
25-32% protein and water-insoluble carbohydrates ; 
little is known about the proteins or carbohydrates of 
this fraction. 

Acid-precipitated protein produced for food and 
that for industrial purposes are markedly different. 
Food protein is processed with a minimum of chemical 
modification, whereas the industrial protein is modi- 
fied by caustic and other chemicals that make it un- 
suitable for food use or nutritional studies. 


SOYBEAN FOODS 


Soybean varieties. The original breeding stock for 
U. 8S. soybeans came from the Orient (Carter and 
Hopper, 1942). This stock was divided into garden 
and field varieties. No definition is used to distinguish 
them, but there are marked differences. The garden 
varieties have a less-beany flavor and better texture, 
and are generally more acceptable for table use than 
field types (Woodruff and Klaas, 1938), which con- 
tain higher oil, yield better, harvest better, and have 
other properties important to commercial production. 
Because garden types are grown in small volume, any 
development of soybeans for food or industrial use 
will depend primarily on field varieties, of which we 
have 35 or more on the recommended list (Smith, 
1959). 

Field varieties differ considerably in color of seed 
coat, color of cotyledons, protein and oil content, and, 
to some degree, flavor, texture, and size. Differences 
in these properties and others are shown in research 
that compares U. S. and Japanese soybeans for making 
tofu (Smith et al., 1960). Investigations relating va- 
riety to food uses are so few that about all we can say 
now is that we are aware of these differences, believe 
they are important, and feel further research i3 needed 
to select the most suitable varieties. 

For a number of years we have had a very success- 
ful plant breeding program in this country, and each 
year several new improved varieties are released to 
replace an approximately equal number of less de- 
sirable older ones. Our breeding program has been 
concerned primarily with increasing soybean yields 
and raising the oil content; with soybean foods gain- 
ing more interest, however, we anticipate that plant 
breeders will give greater recognition to food proper- 
ties in selecting new varieties. 
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Trends in Protein Requirements 


When soybeans were grown only in the Orient, they 
were used almost entirely as food. After they were 
introduced into the United States, many people 
assumed they would soon find a place in the American 
diet. This assumption was true for the oil, for about 
90% of the processed oil now goes into food uses; in 
fact, soybean oil is the most important of our edible 
fats. Food markets for soybean meal products and 
isolated protein developed more slowly; these do not 
fit into our eating habits as easily as does the oil. 

Increasing markets for SOM as an animal feed, as 
well as expanding export of soybeans from the United 
States, have had an important effect on the relative 
value of the oil and protein. Early in the history of 
soybean processing in the U. 8. the oil had far more 
value than the meal or protein, which was often called 
a byproduct. Today, dollar value of the meal (48 lb) 
from a bushel of beans exceeds that of the oil (11 Ib). 
Since the 1930’s soybeans have become a major crop, 
oil prices have decreased from 20 cents or more per 
pound to less than 8 cents, and protein prices (in 44% 
protein meal), although variable, have increased from 
less than 2 cents to more than 6 cents per pound. Soy- 
beans have never had a high support price; these 
changes result more from supply and demand than 
from regulations. The increased market for SOM was 
stimulated by nutritional research showing the eco- 
nomic advantages of high protein in animal feeds; 
this market, from the standpoint of balanced rations, 
is still under-supplied (McKinney and Cowan, 1956). 
Even though animal feeds are the most important out- 
‘et for domestic soybean protein, world food markets 
are becoming more important and are expected to 
expand. 

About 148 million bushels of soybeans or approxi- 
mately 30% of the beans moved off the farm are ex- 
ported as well as an additional 30% of the oil (Hedge, 
1960). Our largest customer is Japan, with a 1959 
import estimated at more than 40 million bushels. 
These imports and her own production, about 15-18 
million bushels, go into food where the protein is more 
important than the oil. Most U. S. beans imported 
into Japan are processed for oil and meal, and then 
the meal is used in high-protein foods. If we include 
foreign and domestic utilization, about 10% of the 
protein of the U. S. processed crop goes into food 
products—a significant factor in marketing soybeans. 

World surveys on food requirements report ade- 
quate supplies of oil but a great shortage of protein 
(Foreign Agricultural Organization, 1948-1956) ; 
these reports suggest that increasing demand for pro- 
tein in other countries as well as our own will likely 
cause a trend toward a further increase in the price 
of soybean protein over that of the oil. Since the U.S. 
grows about 55% (550 million bushels) of the world’s 
supply of soybeans, and since some authorities pre- 
dict that production will reach nearly a billion bushels 
in the next 10-15 years, we have a continuing interest 
in foreign markets. 

In supplying this potential market for protein, soy- 
beans have an advantage over other commercial oil- 
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seeds. Their advantages are in the high nutritional 
value of their protein, their relatively high ratio of 
protein to oil, their low proportion of seed coat, and 
their low cost of production (resulting from our 
highly mechanized farming methods). These factors 
should make the market for soybean protein expand 
considerably. 


Soybeans and Fractions Used in Food 


Whole soybeans. The whole soybean may be baked 
or boiled, or used in making sprouts, fresh and dried 
tofu, vegetable milk, yuba, and many fermented 
products. Baked or boiled soybeans are not very 
popular in this country or in the Orient, probably 
because soaking and cooking require long periods, and 
the product causes flatulence. The sprouts, used as a 
green salad or fried, are a rich and nutritious food but 
are not produced commercially in this country ; mung 
bean sprouts are more popular. Soybean milk 
(Fomon, 1959), produced on a very small scale in the 
U. S., is recommended for feeding babies that are 
allergic to cow’s milk. The milk, prepared from a 
water extract of the ground whole bean, has a serious 
flavor problem and sometimes appears to cause diges- 
tive disturbance in weaning babies. These problems 
have stimulated investigation of new methods of pre- 
paring soya milk, using an oil emulsified in the iso- 
lated protein and containing added vitamins and 
minerals. Cooked whole beans are used very exten- 
sively in the Orient for fermentation into miso or soy 
paste, natto, hamannatto, shoyu (soy sauce), tempeh, 
and some less important foods (Smith, 1958). The 
modern trend in Japan in making shoyu is to replace 
whole beans with defatted soybean meal. 

Defatted soybean meal. In this country the start- 
ing material for most soybean foods is dehulled, de- 
fatted, and substantially undenatured soybean meal 
containing 50% protein or more (N X 6.25). Ocea- 
sionally, soybeans are found that will produce a meal 
containing up to 60% protein. Made from specially 
prepared meal (Belter and Smith, 1952) are food- 
grade soybean protein isolates and concentrates such 
as a) soy flour, b) acid-precipitated protein, ¢) soluble 
soybean proteinate, d) 70% protein concentrate, e) 
aerating agents, f) Gelsoy-type products (Glabe et al., 
1956), and g) dry soybean whey solids. Each is made 
in several modifications, depending on the procedure 
selected by the processor and its intended use. 

The protein materials described, however, are not 
used as foods alone but are added to other foods for 
functional effects or as a nutritional supplement. An 
example of a functional effect is that of soy flour in 
doughnuts (to control their absorption of fat). The 
protein solubility of soy flour, as controlled by heat 
treatment, is inversely related to fat absorption by 
the doughnut (Northern Regional and Central Re- 
search Laboratories, 1951). Another example is soy 
whip (Burnett and Gunther, 1949), used as an 
aerating agent in nougats and desserts. Other funce- 
tional uses of soy flour, isolated protein, and other 
protein fractions are for bleaching wheat flour (Haas 
and Bohn, 1934); as thiekening, emulsifying, and 
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texture. 
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gelling agents, and meat binder (Frank and Cirele, 
1959; Johnson and Circle, 1959); and for binding 
water in foods (Glabe et al., 1956). 

The most important use of soybean proteins in 
foods is to improve nutritional value, particularly 
that of bread, breakfast foods, and other cereal prod- 
ucts. Soybean protein, with its high-lysine content 
(6.5% ), supplements the very low lysine in most 
cereals. When as little as 5% soy flour is added to 
patent wheat flour, the nutritive value of wheat pro- 
tein is inereased remarkably (Jones and Divine, 
1944). 

In 1935 (Bailey ef al., 1935) soy flour was recom- 
mended as an additive to bread, but its first use often 
resulted in disappointment because of poor color, 
flavor, and loss in loaf volume. The early processing 
of soy flour, made without any standardized controls, 
varied in composition and physical properties. Fur- 
thermore, there was no dependable information on 
how to use it. Since then, Ofelt et al. (1954), Finney 
(1945), and Pollock and Geddes (1960) have shown 
that raw (untoasted) soy flour causes softening of 
bread dough and loss of loaf volume. These effects 
may be caused by the amylases (Ofelt et al., 1955a), 
proteases (Ofelt ef al., 1955b), or some other unidenti- 
fied enzyme or reducing substance in the soy flour. 
Commercial soy flours, however, are always heated 
enough to inactivate all their enzymes substantially. 
Reduction in loaf volume is avoided by proper use of 
oxidizing agents (Ofelt ef al., 1954). When soy flour 
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is properly used at a 5% level of the wheat flour, its 
presence in bread is not detectable by taste (Ofelt 
et al., 1952). 

Isolated proteins. Acid-precipitated protein and 
water-soluble sodium proteinate have been available 
for industrial uses since about 1936, but food grades 
have been available for only a few years and have not 
yet developed a definite use pattern. Johnson and 
Cirele (1959) enumerate about 90 foods that they be- 
lieve these proteins can be used in, ineluding bakery 
products, breakfast cereals, spaghetti, noodles, egg 
and dairy-type products, sausages and ground meats, 
edible coatings, Oriental-type foods, and specialties 
such as baby foods, candies, flavor carriers, gravies, 
emulsions, and geriatric food. Many of these uses are 
said to be under active investigation by food proces- 
sors. There are many reasons for believing that iso- 
lated proteins will eventually find a wider and per- 
haps more extensive use than soy flour. Even though 
isolated protein may cost 3—5 times an equal amount 
of protein in the form of soy flour, it has advantages 
in certain applications. 

In making isolated protein, almost all flavor is 
removed ; part of it goes into the whey solution and 
part is destroyed or steam-distilled during drying. 
Also, the low-moleeular-weight compounds that may 
interfere in some food preparations are removed in the 
whey, e.g., soybean components responsible for causing 
soft doughs (Ofelt et al., 1954) and loss of loaf 
volume. In fact, acid-precipitated protein has very 
little known chemical reactivity in most foods. If de- 
sired, solubility can be obtained by using the sodium 
proteinate although it will be more reactive, especially 
to acids, metal ions, and other positively charged 
molecules. 

Protein concentrate. Extraction of dehulled and 
defatted meal with dilute acid (pH 4.5) removes solu- 
ble sugars, nonprotein nitrogen, and other low- 
molecular-weight components and a small amount of 
protein. The flavors are also mostly removed in the 
extract or in drying. The dried concentrate contains 
about 70% protein unless soybeans containing above- 
average protein are used. 

This product, having a manufacturing cost between 
that of soy flour and isolated protein, has been intro- 
duced recently into the food industry. This protein 
concentrate is a combination of the acid-precipitated 
protein plus the residue normally obtained in isolating 
the acid-precipitated protein. It resembles acid- 
precipitated protein more than soy flour and is ex- 
pected to share some of the markets outlined for the 
acid-precipitated protein. 

A protein concentrate can be made also by extrac- 
tion of SOM with about 70% ethanol at 50°C or 
higher. This type of product is finding its place in the 
food industry. 

Gelsoy, a bland-tasting water-soluble product 
(Glabe et al., 1956) containing about 55% protein, is 
made by washing undenatured hexane-extracted 
flakes with ethanol, removing the ethanol by a flash 
process (Brekke ef al., 1959) extracting the aleohol- 
washed flakes with water, and recovering the ex- 
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tracted material by spray drying. Gelsoy has emulsi- 
fying properties useful in canned and sausage-type 
meats, for controlling over-run in low-fat frozen con- 
fections, and as an aerating agent. Although not 
yet in commercial production in the U. 8., its produc- 
tion was recently initiated in Japan, where extensive 
utilization is anticipated. The function of the 90-95% 
ethanol is to remove the bitter and beany flavor of 
hexane-extracted flakes. The flavor can be removed 
with methanol but somewhat more denaturation oe- 
curs than with the same concentration of ethanol. 
Use of 99% isopropanol improves the color of the 
flakes but not the flavor; however, on dilution of iso- 
propanol to 85-90% it will also remove flavor. The 
most difficult step in making Gelosy is to remove the 
flavor without excessive loss in protein solubility. 
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Food Uses and Properties of Soybean Protein. Il. 
Physical and Chemical Properties of Soybean Protein 


Walter J. Wolf and 
Allan K. Smith 


June 28, 1960 Northern Regional Research Labora- 


(Manuscript received 
tory,” Peoria, Illinois 


SUMMARY ponents, and various workers interpret their results 

Electrophoresis and ultraeentrifugation show that soybeans differently. We therefore attempt to show the rela- 
contain a mixture of proteins. About 90% of the extractable tion between whole soybean protein and its various 
proteins are globulins, and ultracentrifugal studies indicate fractions, presenting a more unified picture of the 


four fractions having sedime ntation constants of 2, a ll, and number of components now believed present. 
158. The 78 and 118 globulins have been partially purified and 
characterized. Little is known about the 28 and 158 fractions. A review of the physical and chemical properties of 


The 78 globulin is dissociable into subunits, associates to higher soybean protein, to appear shortly (Bain ef al., in 


molecular weight, and forms disulfide polymers. The 118 globu- press), emphasizes industrial rather than food uses. 
lin has a molecular weight of about 350,000 and undergoes re- 
netions similar to those of the 78 globulin. The 7S and 11S 


globulins are not intereonvertible by association—dissociation re- UNFRACTIONATED SOYBEAN PROTEIN 


netions, which indieates that they are different proteins rather 
than aggregates of identical subunits. The whey fraction ob- Briggs and Mann (1950) reported that electro- 


tained in soybean protein isolation is a mixture of low- phoretic analysis of a water extract containing 95% 
molecular-weight proteins, Two trypsin inhibitors, hemagglu of the nitrogen of soybean meal indicated seven com- 
tinin, and three other fractions have been separated from whey ponents or more, three of them accounting for about 
methods. 75% of the total protein. Kondo et al. (1953) re- 
ported at least five electrophoretic components in a 
1.5N sodium chloride extract containing 83% of soy- 
bean meal protein; two of the components account for 
about 80% of the total protein. Electrophoresis shows 
that soybean protein is a mixture, but does not clearly 
indicate the extent of heterogeneity, primarily be- 
cause the components are poorly resolved under the 
conditions employed to date. 


Prsr 1 of this series (Smith and 
Wolf, 1961) reviewed the preparation of soybean meal 
and its protein fractions and their basic application 
to foods. Food utilization of soybeans in the U. S. is 
still so new that many problems must be solved before 
their main pattern of use is established. Part II 
reviews presently known basic physical and chemical 
properties of the protein of the soybean to provide a 
more scientific basis for solution of such problems. 
The properties of soybean protein are still poorly 
understood, and there is confusion in the literature 
in certain areas. For example, in ultracentrifugal 
studies of soybean protein different sedimentation 
constants are reported for apparently the same com- 


A clearer picture of the degree of heterogeneity is 
obtained by ultracentrifugation. Studies of unfrac- 
tionated soybean protein at pH 7.6-7.8, 0.5 ionic 
strength, indicate four well-resolved fractions having 
approximate sedimentation constants of 2, 7, 11, and 
15S (Naismith, 1955; Wolf and Briggs, 1956) (Fig. 
l-a). Undoubtedly each of the four sedimenting peaks 

* Presented at the Twentieth Annual Meeting of the Insti- does not represent a single component (Wolf and 
tute of Food Technologists, San Francisco, California, May Briggs, 1956) but hereinafter we refer to them as 28, 
16-19, 1960. 78, 118, and 15S. Table 1 compares the sedimentation 

Laboratory of the Northern Utilization Research and De- 
constants for unfractionated soybean protein as re- 


velopment Division, Agricultural Research Service, U. S. De 
partment of Agriculture. ported from two laboratories (Naismith, 1955; Wolf 


25 7S11S15S 1s 25S 


(a) (b) (c) (d) (e) 


Fig. 1. Ultracentrifuge patterns for: (a) Water-extractable soybean proteins; (b) glycinin obtained by exhaustive di- 
alysis of a solution of the proteins precipitated with 70°% saturated ammonium sulfate from a salt extract of meal; (c) acid- 
precipitated proteins; (d) cold-insoluble fraction; and (e) whey proteins. Direction of sedimentation is from left to right, 
and sedimentation constants, in Svedberg units, are indicated in (a); in subsequent diagrams only the major peak is identified. 
Figures a, c, and e are directly comparable. Taken from Wolf and Briggs (1959). 
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Table 1. Sedimentation constants of soybean protein and 
its fractions. 


Seo. w Values of sedimenting peaks 


Preparation Ref. 28 78 118 158 
Unfractionated soybean protein 
10% NaCl-soluble protein 2 3.6 10.6 
Water-soluble protein 5 
1M NaCl-soluble protein 
0.5M CaCl,-soluble protein 


Soybean protein fractions 
Glycinin 
Glycinin 
Glycinin 
Glycinin 
Acid-precipitated protein 
Cold-insolu ble fraction 
Cold-insolu ble fraction 
Purified 11S component 
Albumin ‘ 
Whey ’ 1.75 6 


* Naismith (1955). » Wolf and Briggs (1956). * Danielsson (1949). 
4 Kretovich et al. (1956). °* Kretovich et al. (1958a) ‘ Briggs and 
Wolf (1957). * Wolf and Briggs (1959). ™ Rackis et al. (1959). 


and Briggs, 1956). Agreement is excellent even 
though different solvents were used for extraction. 
Although the solvents differ in their ability to extract 
proteins (Smith et al., 1938), ultracentrifuge patterns 
for soybean proteins extracted with them indicate no 
important differences in the relative amounts of each 
fraction. 

Table 2 lists the amino acid composition of unfrac- 
tionated soybean protein as recently reported from 
two laboratories (Kimura, 1956; Van Etten ef al., 


better product 


Table 2. Amino acid composition of soybean protein and 
its fractions." 


Heat-coagu- 
lated whey 


Acid-pre 


Unfractionated cipitated 


Hawkeye 
Japan Hawk an 
Amino acid coln ¢ Lincoln Adams Lincoln 


Arginine 5 
Histidine 2.6 
Tyrosine : 4.8 
Tryptophan 

Phenylalanine 

Cystine 

Methionine 

Serine 

Threonine 

Leucine 


4 


Isoleucine 

Valine 

Glutamic acid 19.3 
Aspartic acid 14.0 
Glycine 

Alanine 

Proline 


* Data for Japanese variety from Kimura (1956); all other data 
from Van Etten et al. (1959). All data expressed as g/16 g N. 

» Contained 14.62% N. Soybean variety was not indicated 

* Contained 16.1% N 

4 Contained 15.8% N. 


1959) using the chromatographic procedure of Moore 
and Stein (1951). 


SOYBEAN PROTEIN FRACTIONS 


Although reported sedimentation constants for 
whole soybean protein agree well, the constants for 


consistency and 
quality for 
over 40 years 
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@ Neutral color and flavor—blends 
naturally with more different fruits 
than any other pectin. 
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breakage during shipping. 

@ Improves spreadobility of jams, 
jellies and preserves. 
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so that product clways hos the 
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Write, wire or phone for full 
information, technical advice, or 
location of nearest warehouse. 


SPEAS COMPANY 
GENERAL OFFICES * KANSAS CITY 20, MO. 


7 13.06 
14.0 
14.19 
11.4 15.7 
11.8 16.9 
10.8 14.1 
E 
11.9 11.3 12.0 13.5 
5.0 4.6 4.5 5.5 4.9 
5.3 5.6 5.8 
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Whatever the form or content of tomor- 
row’s foods, they will owe something to 
the research laboratory of today. If you 
are working to develop new food prod- 
ucts, or to improve present ones, the end 
to your search may be as close at hand as 
your Pfizer representative. 


The name Pfizer has been synonymous 
with highest quality ingredients and 
service for the food industry for more 
than 110 years. This reputation results, 
in no small way, from the contributions 
of Pfizer Technical Service. 


Our customers have come to rely on 
our many products and on our readily 
available technical service ‘‘team”’ at ev- 
ery stage of product development —from 
research to finished production. 


For example, when manufacturers of 


“convenience” mixes—general-purpose 
and specialty baked goods—wanted a 
more controlled type of leavening action, 
Pfizer offered Glucono-Delta-Lactone. 
This chemical leavening acid imparts no 
unpleasant aftertaste, yet helps provide 
products having excellent volume and 
fine even texture. G-D-L’s high stability 


in storage also insures longer shelf life, 


Mold and yeast growth had been caus- 
ing food-freshness problems in cheese, 
wines, prepared salads, and baked goods. 
Today, Pfizer Sorbistat®-K and Sorbis- 
tat® provide the means to ensure a “‘stay 
fresher longer’ quality in such products. 


In the nutritional area, Pfizer L-LYsingE 
has made possible great strides in im- 
proving the protein quality of grain- 
based foods ranging from breads to 
breakfast cereals... without affecting 
the taste or texture of the product. This 
essential amino acid “‘activates’’ the pro- 
tein potential present, thus improving 
the total protein quality. 


These few examples merely typify 
Pfizer’s experience and willingness to 
help. Let us prove that our products and 
personnel can help solve your problems, 
If you have a food 

product problem, eee 
look to Pfizer first. ae 
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components of the various soybean protein fractions 
do not (Table 1). Each component of the different 
fractions is classified as 2, 7, 11, or 15S to show its 
most probable relationship to the corresponding com- 
ponent(s) in unfractionated soybean protein. The 
wide variations for apparently the same components 
in various preparations may result from a) differences 
in protein concentrations and solvent systems, and 
b) use of dissimilar types of ultracentrifuges (Shul- 
man, 1953; Taylor, 1952). 

Glycinin. The classical fraction of soybean pro- 
tein is glycinin, originally defined by Osborne and 
Campbell (1898) as the globulin obtained by salt 
extraction, ammonium sulfate precipitation and 
dialysis. The term glycinin, although sometimes used 
to describe other soybean protein fractions, is in this 
review restricted to Osborne’s definition. 

Heterogeneity of glycinin was first clearly indicated 
by Danielsson (1949), whe found two ultracentrifugal 
components having seo. values of 7.97 and 13.18. 
The ultracentrifuge pattern, however, also suggests 
the presence of 2S and 15S components. Later, Nai- 
smith (1955) showed glycinin to consist of 2, 7, 11, 
and 15S fractions, with 11S protein present to the 
greatest extent. Although Kretovich et al. (1956) 
reported that glycinin consists only of the 7S and 
11S components, present in equal amounts, careful 
examination of their schlieren patterns indicates the 
presence of 2S and 15S fractions. Those workers esti- 
mated the molecular weights of the 7S and 118 com- 
ponents to be respectively 138,000 and 336,000. They 
later (1958a, b) studied the ultracentrifugal behavior 
of glycinin and an ammonium sulfate fraction there- 
of under a wide range of pH values and ionie strength. 
They concluded that the protein consists of a mono- 
meric 78 unit (designated S,) that can dissociate into 
six identical subunits (se, = 2.4-3.18) or ean as- 
sociate into a dimer and trimer respectively desig- 
nated and components. 

The discovery by Briggs and Wolf (1957) and Wolf 
(1956) that the 7S and 11S components are capable of 
forming disulfide-linked polymers makes the above 
ultracentrifugal studies difficult to interpret because 
the extent of polymerization in the glycinin prepara- 
tions is unknown. Even when disulfide polymerization 
is eliminated, glycinin varies widely in ultracen- 
trifugal composition, depending on the pH attained 
during dialysis (Wolf and Briggs, 1959). The isoelec- 
tric pH of the system is approached only after ex- 
haustive dialysis, and then nearly 90% of the protein 
extracted from soybean meal with 1M sodium chloride 
is precipitated in the globulin fraction. Glycinin ob- 
tained by exhaustive dialysis (Fig. 1b) contained 2, 
7, 11, and 15S components with the 7S and 11S pro- 
teins present in large amounts. 

Heterogeneity of glycinin is also demonstrated by 
electrophoresis. The presence of two (Kretovich et al., 
1958c) and three components (Briggs and Mann, 
1950; Kondo ef al., 1953) is reported, but there 
is no obvious correlation with the ultracentrifuge 
components. 

Solubility of glycinin in water is inereased by treat- 
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ment with reducing agents such as cysteine (Kreto- 
vich et al., 1958a; Kretovich and Smirnova, 1957). 
Insolubilization probably results from disulfide poly- 
merization, which occurs during isolation, as is noted 
with the cold-insoluble fraction of soybean protein 
(Briggs and Wolf, 1957). 

Beta-amylase, urease, and dehydrogenase activities 
are reported for glycinin; cysteine increases enzy- 
matic activity under certain conditions (Kretovich 
and Smirnova, 1957). The finding of a multiplicity of 
enzyme activities, plus the known heterogeneity of 
glycinin, suggests contamination by individual en- 
zymes rather than liberation of enzymatically active 
sites within the 7S and 11S molecules, as postulated 
by Kretovich and Smirnova (1957). 

Acid-precipitated protein. Of primary interest to 
food technologists is the commercially available acid- 
precipitated fraction of soybean protein. Briggs and 
Mann (1950) investigated the electrophoretic behavior 
of acid-precipitated protein and observed resolution 
into at least four components. Smith ef al. (1955), 
who got essentially the same electrophoretic patterns, 
reported the presence of one major and four minor 
components. One of their minor components appears 
to be a large aggregate removable from solution by 
high-speed centrifugation. Ultracentrifugal studies 
by Naismith (1955) showed at least four components 
corresponding to the four fractions observed in whole 
soybean protein. In confirming these results, Wolf 
and Briggs (1959) also showed that acidification of 
an aqueous extract of meal causes quantitative pre- 
cipitation of the 11S and 15S fractions, nearly com- 
plete precipitation of the 7S components, and only 
20-30% precipitation of the 2S fraction (compare 
Fig. l-a, ¢, e). 

An ultracentrifuge study of the acid-precipitated 
protein in acid solutions indicated a complex system 
very sensitive to pH and ionic strength suggesting the 
existence of association—dissociation reactions (Rackis 
et al., 1957). 

Comparison of ultracentrifuge patterns for gly- 
cinin and acid-precipitated protein (Fig. 1-b, ¢) shows 
only minor differences in relative distribution of com- 
ponents indicating that soybean globulins may be 
prepared simply by acidifying an aqueous extract of 
soybean meal. However, the acid-precipitated globu- 
lins are contaminated by nonprotein impurities 
(Smiley and Smith, 1946). Acid-precipitated protein 
prepared in the laboratory contains 0.3-1.6% ash 
and 0.5-1% phosphorus (MeKinney ef al., 1949); 
commercial food-grade protein contains 2.2-2.5% ash 
(Circle and Johnson, 1958). The phosphorus impuri- 
ties consist of phytate (McKinney et al., 1949; Smith 
and Rackis, 1957), nucleie acid (Smith and Rackis, 
1957), and possibly phosphatides (Smiley and Smith, 
1946). 

In Table 2 the amino acid composition of an acid- 
precipitated protein is compared with the unfraction- 
ated protein from a single soybean variety. The acid- 
precipitated protein has a slighly lower content of 
essential amino acids except for tryptophan and leu- 
cine, which are present in higher amounts. 
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Cold-insoluble fraction and 11S protein. Cooling 
a concentrated aqueous extract of meal precipitates a 
cold-insoluble fraction of protein. This fraction is 
electrophoretically homogeneous but heterogeneous by 
the phase rule solubility test (Briggs and Mann, 
1950). Heterogeneity was also observed by ultracen- 
trifugation, which indicated the presence of 2, 7, 11, 
and 15S components (Fig. 1-d), with the 11S protein 
as the major component (Briggs and Wolf, 1957; 
Naismith, 1955). Cold precipitation from a water 
extract is highly selective for separation of the 11S 
component; the cold-insoluble protein may be re- 
garded as a subfraction of the soybean globulins (com- 
pare Fig. 1-b, d). 

A partially purified preparation of the 11S protein 
is also obtained by ammonium sulfate precipitation 
as described by Naismith (1955). A study of the 
effects of pH and ionic strength on this preparation 
revealed that at 0.1 ionic strengrn in the pH range 
of 6.9-9.5 the 11S protein associates to form an ill- 
defined faster-sedimenting component. A more de- 
tailed study confirmed Naismith’s work and supplied 
additional information (Briggs and Wolf, 1957; Wolf, 
1956; Wolf and Briggs, 1958). One previously men- 
tioned property of the 118 protein (isolated as the 
cold-insoluble fraction) is its ability to form disulfide- 
linked polymers under the relatively mild conditions 
of precipitation by cooling, dialysis, or acidification. 
Recent reports (Deutsch and Morton, 1957; Durrell 
and Cantoni, 1959) indicate that the reaction is not 
unique to the 118 protein. Depolymerization of its 
disulfide polymers is possible with a wide variety 
of disulfide-cleaving reagents, including mercapto- 
ethanol, sulfite ion, and sodium berohydride. De- 
polymerization increases its solubility and reduces the 
turbidity of its solutions. Sulfhydryl-blocking re- 
agents, such as iodoacetamide and N-ethylmaleimide, 
prevent re-polymerization of the monomer of the 118 
component. 

Another property of the 118 protein is its ability 
to undergo conformation changes probably consisting 
of dissociation into subunits about one-eighth the size 
of the 11S molecule (Walf and Briggs, 1958). These 
changes occur at low ionic strength at alkaline pH 
values and at moderate ionic strengths in acid solu- 
tions, in the presence of the detergent sodium octyl- 
benzene sulfonate, and in the presence of low concen- 
trations of urea. The effects of pH and ionic strength 
suggest that dissociation involves rupture of weak 
secondary forces, such as hydrogen bonds and van der 
Waal’s interactions, by electrostatic repulsion be- 
tween positively or negatively charged subunits (Wolf 
and Briggs, 1958; Wolf et al., 1958a) Acid dissoci- 
ation is not a freely reversible process, presumably 
because of configurational changes in the subunits 
( Wolf et al., 1958b). 

An 11S protein of about 90% purity was obtained 
by extraction of the acid-precipitated protein with 
sodium chloride solution of graded ionie strength 
(Wolf and Briggs, 1959). Molecular-weight determi- 
nations yielded values of 363,000 and 345,000 respec- 
tively by sedimentation-diffusion and light scattering. 
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BE SURE IT’S THE RIGHT FLAVOR FOR YOUR PRODUCT 


There are flavors... and there are 
FLAVORS! One that produces a superb 
effect in another manufacturer’s product is 
not necessarily the flavor best suited for 
yours. As a supplier of flavors seriously con- 
cerned with the final results of our products’ 
use, it has been our aim to provide our cus- 
tomers with a wide range of flavors in groups 
precisely conditioned to their various and 
specific needs. To accomplish this, our flavor 
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food plant superintendents and technologists 
in the perfection and refinement of our prod- 
ucts, As a result, our present catalog lists, in 
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mendations for practically every type of food 
and beverage product made. If you'd like a 
copy, we'll gladly send you one upon request. 


ICE CREAMS — SHERBETS 
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and proven spicing compounds, each with subtle 
emphasis upon a different spice. 
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These values are on the same order as that reported by 
Kretovich, 380,000, for an 11S preparation obtained 
by ammonium sulfate fractionation (Kretovich ef al., 
1958a). 

Ultracentrifuge patterns for glycinin and aeid- 
precipitated protein (Fig. 1-b,¢) are quite similar, 
whereas the pattern for the cold-insoluble fraction 
(Fig. 1-d) differs considerably because of its low 
content of 28 and 7S components. In addition, there 
are chemical differences. For example, the nitrogen 
content of glycinin is 16.4-16.6% (Kretovich et al., 
1956; Wolf and Briggs, 1959) and for the coeld-insolu- 
ble fraction, 17.1-17.3% (Briggs and Wolf, 1957; 
Wolf et al., 1958a). All three fractions have 11 N- 
terminal amino acids in common (Campbell ef al., 
1957). The two globulin preparations are quite simi- 
lar, as expected on the basis of ultracentrifugal 
studies, but both differed significantly from the cold- 
insoluble fraction in the amounts of major N-terminal 
amino acid residues present (Campbell ef al., 1957). 
Since the greatest difference between the globulin 
preparations and the cold-insoluble fraction is in the 
relative concentration of 7S and 11S components, the 
N-terminal studies suggest the presence of different 
polypeptide chains in the 7S and 118 proteins. 

N-terminal studies of the cold-insoluble fraction by 
Campbell et al. (1957) also indicate that the 11S 
protein contains a minimum of four polypeptide 
chains and that three of these chains may be different. 
If one polypeptide chain per subunit, and equal chain 
size are assumed, the 118 protein of 350,000 molecular 
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weight (Wolf and Briggs, 1959) consists of four sub- 
units of about 90,000 molecular weight, compared to 
a molecular weight of about 20,000 reported by Kreto- 
vich et al. (1958b) for the subunits of glycinin. How- 
ever, Campbell’s value is a minimum uncorrected for 
contamination of the 11S protein by the 2, 7, and 15S 
components also present in the cold-insoluble fraction ; 
Kretovich’s value is an average obtained for the mix- 
ture of subunits obtained upon dissociation of the 7, 
11, and 15S components of glycinin. 

7S Protein. The 7S ultracentrifugal peak in un- 
fractionated soybean protein is a composite. At least 
two of the minor proteins of soybean have sedimenta- 
tion constants in the range of 5—-7S ( Wolf and Briggs, 
1956). The major portion, however, has the properties 
of a globulin and occurs in glycinin and in aeid- 
precipitated protein; crude preparations of this 75 
globulin obtained by dissimilar methods have similar 
properties, suggesting that it is a single component. 

A 7S preparation obtained by ammonium sulfate 
precipitation indicated that at 0.1—-0.2 ionie strength 
the 7S protein is converted into a sedimenting species 
of 10.58, probably a dimer that is resolvable from the 
11S component upon ultracentrifugation (Naismith, 
1955). This behavior was confirmed with a 78 frae- 
tion isolated from acid-precipitated protein by vary- 
ing ionic strength and temperature ( Wolf, 1956), and 
association of the 7S component into the dimer was 
ooserved at pH 9.0, 0.01 ionic strength. This reaction 
represents a distinct difference between the 78 and 
11S proteins. Under these conditions the 118 protein 
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is about 50% dissociated into subunits (Wolf and 
Briggs, 1958) ; however, like the 11S the 7S protein is 
also broken into smaller units when treated with the 
detergent sodium octyl benzene sulfonate; and it is 
also able to form disulfide-linked polymers (Wolf, 
1956). Disulfide polymers of the 7S and 11S com- 
ponents apparently exist, preformed, in hexane- 
extracted meal ( Wolf, 1956; Briggs and Wolf, 1957), 
but their existence in the whole bean is still unknown. 

The depolymerizing action of cysteine and other 
disulfide-cleaving reagents on polymers on 78 and 11S 
proteins probably explains both the decrease in vis- 
cosity noted when solutions of unmodified acid- 
precipitated protein are treated with these reagents 
(Cirele and Johnson, 1958; Hall, 1955) and the in- 
crease in solubility noted when glycinin is treated with 
cysteine or glutathione (Kretovich and Smirnova, 
1957; Kretovich et al., 1958a). In an ultracentrifuge 
study of the latter effect, Kretovich et al. (1956) 
found that when glycinin was dissolved in neutralized 
cysteine hydrochloric (pH 7, ionie strength estimated 
at 0.02), the solution contained three sedimenting com- 
ponents, of seo, ~ values 7.5, 10.7, and 13.58. The 10.78 
peak, which was abolished by addition of sodium 
chloride, is probably the dimer of the 7S protein 
formed at low ionie strength and dissociated at high 
ionic strength (Naismith, 1955), rather than the 
product resulting from treatment of the 7S protein 
with cysteine. 

Soybean whey proteins. Whey is obtained either 
by removal of the acid-precipitated proteins in a 
water extract or by extraction of the meal at pH 4.5. 
Such a solution contains about 30% of the meal. 
Whey contains an unknown number of albumins and 
globulins, water-soluble carbohydrates (MacMasters 
et al., 1941), nonprotein nitrogen (Becker et al., 
1940), salts, vitamins, phytate (Smith and Rackis, 
1957), and other high- and low-molecular-weight com- 
ponents. Processors of isolated protein are concerned 
about the whey solution because it presents a waste 
disposal problem. 

Biologically active proteins reported in the whey 
fraction are trypsin inhibitor (Kunitz, 1946), B- 
amylase (Rackis et al., 1959), soybean hemagglutinin 
(Liener and Hill, 1953; Wada et al., 1958), phospha- 
tase (Mayer eft al., unpublished), lipoxidase (Theorell 
et al., 1947), phytase (Fontaine et al., 1946), and 
others (Circle, 1950). The most notable work on the 
whey protein has been the isolation in highly purified 
states of crystalline lipoxidase by Theorell et al. 
(1947); the erystalline soybean trypsin inhibitor 
(STI) by Kunitz (1946); and hemagglutinin by 
Wada et al. (1958). 

When Ham ef al. (1945) discovered STI they re- 
ported it an anti-growth factor, but further research 
(Borchers and Ackerson, 1950) indicates that anti- 
tryptic activity in other legumes does not inhibit 
growth. Later reports (Ribelin et al., 1960) show that 
feeding STI enlarges the pancreas to approximately 
double its normal weight. Immediately after ingestion 
of STI, intestinal tryptic activity is low but increases 
steadily and at the end of 6 hours is three times nor- 
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mal (Lyman, 1957). Secretion of other pancreatic 
enzymes also inereases. Liener’s hemagglutinin 
(Liener and Hill, 1953) appears to depress the appe- 
tite; whether restricted food intake accounts entirely 
for the slower rate of growth or whether part is from 
a toxic effect of the hemagglutinin is not yet known. 

The number of proteins in whey and their similarity 
in size and charge pose a difficult problem in separa- 
tion. Wolf and Briggs (1959) found only two resolva- 
ble peaks in the ultracentrifuge pattern corre- 
sponding to components with so», . values of about 2S 
and 6S, with the former in the higher concentration. 
Smith et al. (1955) found five electrophoretically dis- 
tinet components. Chromatographie and biochemical 
studies show a much greater number of components. 

Rackis et al. (1959) found that the most effective 
method of separating whey proteins is by column 
chromatography using diethylaminoethyl cellulose 
(DEAE-cellulose). Using a gradient elution pro- 
cedure they obtained 13 chromatographic peaks, indi- 
cating a minimum of 13 proteins. The various peaks 
were not separated well enough for further charac- 
terization, and a stepwise elution procedure was 
developed that divided the whey protein into six 
fractions. These were then characterized by electro- 
phoresis and ultracentrifugation. Their biological 
activity is shown in Table 3. 


Table 3. Analysis of protein fractions isolated from soybean 
whey. 


Electro- Ultracen 
phoretic trifuge Biological assay specific 
data data activity values 


S20, w Total Phos 
Mobility* values area, pha- 
x 10-5 


y 
Fraction x 10° % tase lase SBHe SsTi¢ 


I A 0.08 0.99 a4 1.2 0 868 0 
B 0.55 5.85 16 
© 1.13 
I! D 2.70 2.85 21 24 0 9123 0 
6.14 79 
Itt E 3.56 1.58 36 43 3.6 1595 0 
F 3.89 5.66 64 
G 4.37 
IV H 5.0 1.73 73 14 2.4 66 0.45 
I 5.45 5.64 27 
J 5.99 
V K 6.55 2.29 a7 2 1.7 100 1.28* 
L, 7.17 5.62 13 
Vi M 7.86 1.75 100 0 0 23 1.04 
Whole whey 1 6.30 
2 7.56 
3 9.96 
4 3.11 1.75 59 
5 4.72 6.13 41 20 2.9 1480 0.387 


* Mobilities as measured on the ascending boundaries. 

© Values calculated on the basis of 1 mg of protein (N 6.14). 
© SBH, Soybean hemagglutinin 

4 STI, Soybean trypsin inhibitor. 


No biological activity occurred in the first fraction ; 
the second was mostly hemagglutinin. The sixth 
fraction corresponded to Kunitz’ trypsin inhibitor; 
the fifth is about 85% of a second trypsin inhibitor, 
with a somewhat lower sedimentation constant, lower 
electrophoretic mobility, and higher activity than the 
Kunitz inhibitor. 

Amino acid composition of the heat-coagulable whey 
proteins is given in Table 2. 


General Conclusion 


Soybean proteins constitute a very complex biologi- 
eal system that calls upon all the skill and ingenuity 
of the protein chemist to separate and characterize the 
individual components. At present it appears that the 
7S and 11S components observed in acid-precipitated 
soybean protein or glycinin fraction are distinct pro- 
teins that account for about 70% of the total soybean 
protein. This conclusion differs from that of Kreto- 
vich and coworkers (Kretovich et al., 1958 a, b; Smir- 
nova et al., 1959). They reported that the globulin 
fraction consists of identical subunits (MW 20,000) 
existing in various states of association, depending on 
pH and ionie strength. Their view appears incorrect 
for the following reasons: a) Stable fractions ecntain- 
ing widely varying ratios of the 7S and 11S com- 
ponents are obtained by a number of fractionation 
procedures (Naismith, 1955; Wolf and Briggs, 1959) ; 
b) partially purified 78 and 11S proteins are not 
interconvertible and their physical properties are dis- 
tinetly different (Briggs and Wolf, 1957; Naismith, 
1955; Wolf, 1956; Wolf and Briggs, 1958); N-ter- 
minal amino acid analysis indicates that there are 
in the 11S component at least three chemically dif- 
ferent subunits that may also differ from the subunits 
of the 78 component (Campbell ef al., 1957). Al- 
though the 78 and 118 globulins are different pro- 
teins they undergo similar types of reactions, but not 
necessarily under identical conditions. At least three 
such reactions are now known: a) Dissociation into 
subunits (Wolf, 1956; Wolf and Briggs, 1958); b) 
association into noncovalent-linked polymers (Nai- 
smith, 1955; Wolf, 1956); and ¢) formation of disul- 
fide-linked polymers (Briggs and Wolf, 1957; Wolf, 
1956). The importance of these reactions in food 
produets is unknown. 

Establishing that soybean protein consists of dis- 
tinet components emphasizes the major problem, and 
perhaps the most difficult one confronting the investi- 
gator studying soybean proteins: isolation of these 
components in a pure state. Because of the com- 
plexity and multiplicity of reactions of the various 
components, studies to date, particularly on crude 
fractions such as glycinin and acid-precipitated pro- 
tein, are of limited usefulness and serve only as 
rough guides for future work. Perhaps chroma- 
tographic techniques will be as useful for purifying 
the 7S and 11S components as they have been for un- 
raveling the complex whey protein system. 

Choice of solvent is important in using ultracen- 
trifugation for studying soybean protein fraction- 
ation. At present, a buffer of high ionic strength, 
near neutrality and containing a reducing agent, is 
most suitable. Used routinely in our laboratory is a 
phosphate-sodium chloride buffer, pH 7.6, 0.5 ionic 
strength containing 0.01M mercaptoethanol (Wolf 
and Briggs, 1959). This buffer system gives the 
simplest ultracentrifuge pattern because association— 
dissociation reactions of the 7S and 11S components 
are suppressed by the high ionic strength and because 
disulfide polymerization of the same proteins is pre- 
vented by the mercaptoethanol. This solvent is also 
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recommended as reference state when ultracentrifuga- 
is used to determine whether a given treatment has 
caused denaturation of the 7S and 11S proteins. 

When the 7S and 11S globulins are studied in the 
presence of salts, they consist of aggregates or associ- 
ation products of subunits. Whether they exist in the 
soybean in the subunit state or 7 and 11S state is un- 
known. However, ultracentrifugal examination of a 
water extract of meal containing only the salts present 
in soybeans showed no evidence of protein in the sub- 
unit state (Wolf, 1956). The 7S protein appeared to 
be in the dimer state and the 11S protein was partially 
associated, similar to the behavior of these components 
at pH 7.8, 0.1 ionie strength (Naismith, 1955). The 
time factor in this experiment was held at a minimum 
by extracting for only 5 minutes and by analyzing in 
the ultracentrifuge immediately after removal of the 
insoluble portion of the meal. If the proteins exist in 
the subunit state in the meal, they must be highly re- 
active and the 7S and 11S states must form very 
rapidly. Because the 78 and 11S components are 
stable under mild conditions, they may be regarded 
as possessing a quaternary structure in addition to the 
usual primary, secondary, and tertiary structure of 
proteins (Bernal, 1958). Based on this premise the 
logical approach to ultimate characterization of the 
major components of soybean protein consists in 
purification of the 7S and 11S components followed 
by dissociation, separation, and characterization of 
the individual subunits. 
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Use of the Kramer Shear-Press in Forecasting 
Harvest Dates for Fordhook Lima Beans 


(Manuscript received October 31, 1960) 


SUMMARY 


The shear-press can be helpful to the field man in estab- 
lishing harvest dates for Fordhook limas. With careful 
representative sampling and use under specific conditions, 
shear-press values supply useful, added information on the 
relative growth rates of the various fields, particularly in 
the all-green stage, a few days before harvest. The shear- 
press will not, however, pinpoint a desired pale count for 
a given day. 


TODAY’S competitive frozen- 
food market, the problem of harvest time for Ford- 
hook lima beans is economically important. With 
buyers demanding a nearly all-green product, an 
excess of pale green beans (pales) means lower profits 
to the packer, while the grower is interested in har- 
vesting as large a tonnage as possible under the 
conditions of his contract with little or no dockage 
because of excess pales and whites. The field man has 
the task of satisfactorily compromising these diver- 
gent views. 

Various instruments and procedures have been 
suggested and tried for rapid and accurate prediction 
of optimum maturity and harvest dates for lima 
beans (Culpepper and Caldwell, 1945; Culpepper 
and Magruder, 1943; Kramer and Hart, 1954; 
Kramer et al., 1951; Kramer and Mahoney, 1940; Lee, 
1943, 1948; Salunkhe and Pollard, 1955; Sterling, 
1955a, b). To date, the main guides used by most field 
men for the Fordhook variety are the number of 
growing days in the ground or the days from full 
bloom, the number of full pods per vine, and the 
percentage of pales. Until the beans begin changing 
color, however, the field man has little to guide him 
on relative rates of maturity development in vari- 
ous fields. A rapid objective method giving this kind 
of information, from about a week to ten days be- 
fore expected harvest, would be helpful—particularly 
under conditions of hot weather with several fields 
appearing to be about equally mature. 

In 1951, Kramer et al. reported the development of 
the multipurpose shear-press. This instrument pro- 
vides rapid measurement of such quality factors as 
hardness, succulence, and/or stringiness for various 
raw and processed foods. With lima beans, the shear- 
press forces a series of metal grids vertically through 
a standard volume or weight of beans in a rectangular 
slotted box. The pressure necessary to shear through 
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raw beans reflects their maturity. Increasing ma- 
turity results in harder beans, requiring greater 
pressure. 

Several reports (Kramer, 1960; Kramer and Hart, 
1954; Kramer et al., 1951) have indicated the useful- 
ness of the shear-press in predicting the quality of 
raw and processed lima beans and in estimating har- 
vest dates and yields for baby lima bean varieties. In 
Utah, Salunkhe et al. (1959) reported no significant 
effect of harvest time on shear-press values of several 
varieties of lima beans, including Fordhooks, when 
dry and shriveled beans were removed from the sam- 
ples tested. When dry and shriveled beans were left 
in the samples, however, shear-press value generally 
increased with each succeeding harvest. 

In California, where most of the Fordhooks for 
freezing are grown, no published shear-press data are 
available. The present studies were conducted to de- 
termine the usefuiness of the shear-press as an aid in 
forecasting harvest dates of Fordhook limas grown 
under the more typical conditions found in California. 

Comparisons were made among shear-press values 
of raw Fordhooks, the percentage of pales by count 
or weight, and the alcohol-insoluble solids (AIS) of 
some raw bean samples at harvest and during a 7-10- 
day period before expected harvest. The per cent AIS 
is generally used to reflect the physiological maturity 
of starehy vegetables such as peas and limas. 


PROCEDURE 


All data were collected under field and plant operating condi- 
tions. During the 1956 and 1957 seasons, the shear-press was 
used at the processing plant of Santa Clara Frosted Foods Co., 
Santa Clara, California, and the 1958 and 1959 data were 
obtained at the vining station of Spieg] Farms, Inc., at Oxnard, 
California. 

During the 1956 and 1957 seasons, most of the data were 
collected on harvested raw Fordhooks of the Concentrate 
variety. Three shear-press readings were made on each lot. 
Per cent color by count (250-300 beans per lot) was deter- 
mined by the USDA inspection procedure for color grading of 
frozen Fordhook lima beans. Before color grading, the beans 
were placed in boiling water for 3 min and then immediately 
cooled in running tap water. The limited preharvest data col- 
lected at Santa Clara were from vines in specific rows in several 
areas of the field. Beans were hand-shelled at the plant, and 
generally only one shear-press determination was made, because 
of the limited material available. 

A more detailed preharvest testing program was followed in 
1958 and 1959 at the Oxnard vining station. Fields of Regular 
Fordhooks were systematically sampled by dividing each field 
into quarters. Each quarter was sampled separately so that 
the path followed was roughly an are of each quarter. Pods 
were removed by hand and hulled in a laboratory podder. In 
1958, beans from the four sections of the field were mixed 
together for the various determinations; in 1959, the beans 
from each quarter were assayed separately. Generally 10-15 
vines were collected from each quarter of a field. Three shear- 
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Table 1. Coefficients of correlation: (a) shear-press with percentage of pales, (b) alcohol-insoluble solids with pales, and (c) 


shear-press with aleohol-insoluble solids. 


Year Fordhook variety (area) Color method 


1956 Concentrate (Santa Clara, Calif.) By count 
1957 Concentrate (Santa Clara, Calif.) By count 


1958 Regular (Oxnard, Calif.) By weight 
1959 Regular (Oxnard, Calif.) By weight 


* Whites included. 
» Numbers of samples shown in parentheses. 
© Insufficient data. 


press readings were made on each lot, using 160 g per sample. 
The rate of travel of the shear-press power piston for all de- 
terminations was 4 see per inch. Per cent color by weight was 
determined by the same procedure as for the per cent color by 
count, except that 1 lb of beans for each preharvest lot and 50 
oz for each harvest lot were color graded. If sufficient amount 
remained, 1—2 lb of the raw limas were placed in a polyethylene 
bag, tied with a rubber band, and held 6-12 hr in chipped ice 
until transfer to 0°F storage for later AIS analyses by the 
method deseribed by Sterling and Boggs (1954). 


RESULTS AND DISCUSSION 

Table 1 presents correlation coefficients for shear- 
press values, percentages of pales, and percentages of 
alcohol-insoluble solids. The correlations of color (per 
cent pales) with shear-press values and with AIS are 
low. The correlations of shear-press with AIS, how- 
ever, have been consistently high, ranging from +.91 
to +.94. The shear-press vs AIS correlation data 
cover a greater maturity range because of inclusion 
of the all-green samples, as well as those having a 
pale count. These data indicate that percentage of 
pale beans is not a reliable guide to Fordhook ma- 
turity, but that the shear-press values generally re- 
flect bean maturity. 

These correlations are based on both preharvest 
samples plus harvest samples. The harvest samples 
were collected at the viner station after vining and 
passing through the Clipper Cleaner, where the small 
beans dropped through a sereen with holes of ™% in. 
diameter. Whites and shrivels, when present, were 
lefi in the sample. Correlations between shear-press 
and color are not improved, however, when the data 
are divided into preharvest and harvest lots, and lots 
without white beans (Table 2). 


Table 2. Coefficients of correlation of shear-press with pale 
greens (%) for preharvest and harvest lots and lots without 
white beans (1959). 

Correlation 

coefficient 

Number (shear-press 

Lots of lots with pales) 


Preharvest containing no whites 
Preharvest, total 

Harvest containing no whites 
Harvest, total 

Total, preharvest and harvest 


The generally poor correlations between Fordhook 
color and both shear-press and AIS point up the fact 
that pale Fordhooks may be immature and tender, or 
that green limas may sometimes be relatively mature 
and hard, probably reflecting genetic, cultural, or 
climatic influence. Lee (1943) noted this same irregu- 


Shear-press with AIS (%) with Shear-press with 

pales (% )* pales (%)* AIS (%) 
+.72 (61)” +.35(10)" +.94 (11)” 
+.76 (14) +.66 (14) +.91 (14) 
+.65 (127) +.53 (54) +.91 (108) 
+.62 (115) +.93 (10) 


larity with baby lima beans that normally turn white 
with maturation. The difficulty sometimes encoun- 
tered in color-separating Fordhooks by the usual 
brine density method would also appear to be related 
to these color-maturity abnormalities. 

In spite of the poor relationship of shear-press to 
color, and the fact that grade is based primarily on 
color, the field men who have used the shear-press 
have found it helpful in establishing harvest dates. 
This is probably best explained by again noting that 
physiological maturity, expressed as percentage of 
AIS, is reflected by the shear-press. Thus the field 
man, having followed a periodic, systematic sampling 
procedure from several days before expected harvest, 
in the all-green stage, and up to harvest, has this addi- 
tional information on relative rates of maturity de- 
velopment of various fields and can better determine 
in what order to harvest. 

Fig. 1 shows some typical growth curves for several 
1958 fields planted consecutively. The shear-press 
range is shown over which pales first began to appear 
(about 850-1050 Ib pressure), and another range 
(1050-1125 lb pressure) where the desired pale count 
(4-6% ) for harvest oecurred. 

The shear-press can sometimes be helpful in pre- 
dicting a sudden jump in pale count when an all- 
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Fig. 1. Relation of shear-press values to time and color de- 
velopment for 1958 fields. 
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TANT STARCHES 


FOR READY-MIXED SPECIALTIES 


You name it! Cocktail dips, meat sauces, chiffons, 
chocolate milk drinks, fruit toppings—any dehydrated 
mix from soup to dessert can be thickened and stabil- 
ized with Instant Starches from National. 


These new pre-gelatinized starches eliminate cook- 
ing, prolonged stirring, cooling. Housewife or chef, 
you simply add liquid to ready mixed specialties and 


750 Third Avenue, New York 17. * 


3641 So. Washtenaw Avenue, Chicago 32 ° 


stir. Another outstanding convenience in modern day 
specialty foods. 


Instant Starches from National give every effect from 
glossy, crystal clear toppings to creamy homogene- 
ous sauces. They even act as a freshener for cakes 
baked from mixes. We'd be glad to make recom- 
mendations. Just contact your nearest National office. 


STARCHES 


NATIONAL STARCH and CHEMICAL CORPORATION 
735 Battery Street, San Francisco 11 


And All Principal Cities in the United States, Canada, England and Mexico 
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D&O offers SPI SOSEAL 


the latest development in season- 
ings for foods of the future. 
SPISOSEALS are extractions of 
natural spices, spray dried for 
absolute flavor stability and 
unsurpassable shelf life. Full, 
instant release of flavor, aroma 
and strength . . . highly recom- 
mended for freeze dried foods. 
Write the D&O Dry Materials 
Division, 249 Goffle Road, Haw- 
thorne, N. J., for detailed infor- 
mation. 


Write for copy of Spisoseal booklet 


DODGE & OLCOTT, INC 


MANHATTAN INDUSTRIAL CENTER 
SEVENTY-FIVE 9TH AVE. NEW YORK 11, N. Y. 


SALES OFFICES IN PRINCIPAL CITIES OUR 162ND YEAR OF SERVICE 


FLAVOR BASES 
| ESSENTIAL OILS 
AROMATIC CHEMICALS 
DRY FLAVORINGS 

AND SEASONINGS 
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FORECASTING LIMA BEAN HARVEST DATES 


green field has a shear-press value in the range of other 
harvested fields having the optimum 46% pales. For 
example, the morning preharvest sample of field 4 
(Fig. 1) indicated 1% pale at a shear-press value of 
1060, whereas harvest samples later the same day and 
the following day respectively showed 7 and 5% pales. 

Fig. 2 shows growth curves for the first fields har- 
vested during the 1959 season. Some of the shear- 
press values for fields 5 and 6 that appear out of line 
are most likely due to sampling errors. Other rapid 
changes, however, were not predictable, such as the 
one-day jump of almost 200 shear-press units in field 
8, instead of the approximately 50 units per day 
expected. 
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Fig. 2. Relation of shear-press values to time and color de- 


velopment for 1959 fields. 


These curve irregularities emphasize the impor- 
tance of adequate careful sampling procedures in 
order to minimize false or misleading shear-press 
values and to evaluate these growth curves more 
accurately. However, some of the erratic points on 
these growth curves and some of these poor shear- 
press and colcr relationships are better under- 
stood by the field man. Being ‘‘on the spot,’’ the 
field man will be aware of such factors as irregu- 
lar sets, ‘‘hot spots,’’ time of day samples were 
pulled, soil moisture conditions, borderline green-pale 
beans, vines with beans turning prematurely pale, and 
various other factors that can influence this color and 
shear-press relationship—and would be considered in 
judging when a field is ready for harvest. 

The optimum 5% pales at harvest occurred in these 
early 1959 fields at a slightly lower shear-press value 
than was found in 1958, and the 1959 fields harvested 
toward the end of the season were about 50-100 shear- 
press units below the early 1959 fields for the same 
percentage of pale green beans. Thus the proper 


application of the shear-press data in forecasting 
Fordhook harvest dates is to some extent an art, 
acquired from experience. 

Fields are generally harvested in the order of 
planting. In some cases, however, this order is not 
usable. Plotting shear-press values against time can 
alert the field man to this situation several days before 
harvest. Fields 9 and 10 (Fig. 3) illustrate this point. 


Before At |Growing Days 
Harvest) Horvest| at Harvest 
97 

10 4 4 94 

P= % Pale (By Weight) 

W: % White (By Weight) 


Shear Press 


7 9 10 i 14 
Date, August 1958 
Fig. 3. Comparison of shear-press growth curves and color 
development between two fields planted three days apart. 


Field 10, with three fewer growing days, was har- 
vested a day before Field 9, and both fields had a 
reasonable pale count at harvest. Without the ad- 
vance warning given by these plotted shear-press 
values, however, Field 10 might have been harvested 
a day or so later, with considerable increase in pales 
and whites. 
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Thermal Properties of Foods at Low Temperatures. I. 
Specific Heat 


(Manuscript received November 10, 1960) 


SUMMARY 


A rapid method is described for continuous determination 
of the specific heat of foods over a wide range of tempera- 
tures below the freezing point. With this method, the spe- 
cific heat of fats, gelatin, and water were measured. From 
these data, it is possible to estimate the specific heat of 
foods, based on their composition, using an appropriate 
correction factor, The possibility of vitreous ice formation 
is suggested to explain the discrepancies between the ob- 
served and computed specific heat values for meats and fish. 


Lucu» NITROGEN has been used 
successfully in maintaining temperatures below 0°F 
during shipment of frozen foods. Investigations on 
cooling foodstuffs with liquid nitrogen indicate no 
harm to the product (Moiseeva and Piskarev, 1959; 
and Moline, 1959). Foods tested include a large va- 
riety of frozen meats, vegetables, fish, and orange 
juice. 

It was then necessary to measure the values of the 
specific heat of foodstuffs in order to determine accu- 
rately the volume of liquid nitrogen required to cool a 
given amount of food to a given temperature. Knowl- 
edge of the specific heat of a sample is also required 
for calculating cooling and thawing times. 


LITERATURE REVIEW 


Before 1942, most available information on the 
specific heat of foodstuffs was based on the work of 
Siebel (1892). He reasoned that since foods were 
composed of water and solid matter, it should be pos- 
sible to calculate their specific heat above the freezing 
point by adding the product of the weight fraction of 
water present and its specific heat to the product of 
the weight fraction of the solid matter, and 0.2 as its 


S. W. Moline, J. A. Sawdye, 
A. J. Short, and A. P. Rinfret 


Linde Co., Division of Union Carbide 
Corporation, Tonawanda, New York 


specific heat. Below the freezing point he used only 
the specific heat of ice. 

More recently, Short et al. (1942) measured the 
specific heats of some fruits, vegetables, meats, and 
sugar solutions, and found that the assumptions of 
Siebel were not correct, especially in the region be- 
tween —15°C (+5°F) and +4.4°C (+40°F). In the 
region below —15°C, however, Short states that the 
numerical values are roughly the same as would be 
obtained by averaging the specific heat of ice and the 
solid matter. 

The work of Short and co-workers was extended 
(Staph, 1949) in order to determine what relation- 
ship, if any, existed between heat capacity and the 
composition of foodstuffs. The lower temperature 
limit of his bomb calorimeter was —40°C. The foods 
measured were fruits and vegetables. He was unable 
to measure any food containing more than 3% fat, 
because kerosene was used as the heat-transfer 
medium in the calorimeter, and it dissolved the fat to 
form a thick jelly that could not be stirred readily. 
He also found that his data did not follow Siebel’s 
rule between —40°C and +5°C., 

The enthalpy of lean beef, some ocean fishes, veni- 
son, chicken, eggs, and breads over the range —40°C 
to +20°C has been measured with an adiabatic calo- 
rimeter (Riedel, 1956, 1957, 1959). By partially de- 
hydrating the samples and measuring their enthalpy, 
he found that all free water was frozen at —40°C. 
Included in this work are data on the percentage of 
frozen water as a function of temperature and initial 
water content. 

Other authors (ASRE, 1951, 1955; Tressler and 
Evers, 1957) have listed specific heat values for foods 
above and below freezing, but did not define the tem- 
perature range of these measurements. 
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The heat capacity of gelatin-water mixtures with 
gelatin concentrations of 9-100% over the interval 
between +25°C and —180°C was measured in an adi- 
abatic calorimeter (Hampton and Mennie, 1932, 1934) 
previously used by other workers (Barnes and Maass, 
1930). However, it is not possible to obtain accurate 
specific heat values from these data. 


METHODS 


The apparatus used for measuring the specific heat of sam- 
ples at low temperatures is seen in Fig. 1. It consists of a ree- 
tangular block of polystyrene foam (9.5 X 10.2 * 25.5 em) with 
a eylindrical hole (1.4 X 20.3 em) in the center, into which an 
aluminum sample container is placed. A polystyrene plug is 
inserted at the top of the cell to prevent rapid heat transfer to 
the sample. 


PLUG FOR REMOVAL 
OF SPECIMEN 


THERMOCOUPLE TO 
RECORDER 


STYROFOAM CELL 


FROZEN SPECIMEN 


ALUMINUM CONTAINER 


Fig. 1. Specifie-heat apparatus. 


The specimen container is filled with the material being 
measured (ca. 20 g), weighed, and then cooled rapidly (2-3 
min) in liquid nitrogen. When temperature equilibrium has 
been reached in liquid nitrogen, the container is removed and 
quickly inserted into the polystyrene foam block maintained 
at room temperature. Temperature at the center of the speci- 
men was measured continuously with a copper-constantan 
thermocouple and recorded over the desired range. 

Calibration of the apparatus with a specimen of known 
specific heat is required, because it is necessary to know the 
rate of heat leak per unit area into the specimen during the 
slow warming period. For this purpose, a copper probe (ASRE, 
1959) of known weight was used. By following the normal 
procedure of cooling in liquid nitrogen and recording tempera- 
ture as a function of time during warming in the polystyrene 
cell, the heat leak through the polystyrene foam into the eop- 
per probe may be calculated. 

The heat leak, Q, in eal/min at a particular temperature is 
equal to the produet of the specific heat of the copper probe 
and its weight, multiplied by the rate of temperature change 
at that temperature. Once the heat leak has been determined 
over the temperature range of interest, the specific heat of any 
material of identical geometry may be determined, assuming 
that the rate of heat leak into the cell will be the same at any 
given temperature. 

Once the rate of temperature change of the specimen con- 
tainer holding the material of unknown specific heat has been 


measured, it is possible to determine the specific heat of the 
specimen itself, using the value of Q previously obtained with 
the copper prebe. 

The specific heat of the entire specimen (Cps) at a given 
temperature is equal to the heat leak (Q) divided by the rate 
of temperature change (AT/At) at that temperature and the 
weight of the entire specimen (Ws). Thus: 

Q 


(1) 
Ws AT/At 


Cps 


The specific heat of the unknown material is determined by 
subtracting the heat capacity of the aluminum container 
(Cpa Wa) from the heat eapacity of the unknown material 
plus container (Cps Ws) and dividing this value by the weight 
of the unknown material (Wx): 

Cps Ws — Cpa Wa 
Wx 


(px (2) 
By carrying out these computations for different temperatures, 
the change in specific heat with temperature is determined. 

A specimen warming curve for ice is seen in Fig. 2. The 
rate of temperature change is determined by measuring the 
instantaneous slope of the warming curve at a point T, t. 


RESULTS AND DISCUSSION 


The reproducibility of measurements made with the 
technique described above is seen in Table 1, which 
shows the values for two measurements at a given 
gelatin concentration. The average error is 3.0% for 
a 26.4% gel, and 2.9% for a 39.1% gel. When the 
values for two determinations of pure gelatin are com- 
pared, the average error is larger than for aqueous 
gelatin solutions. This increase in error is probably 
due to the existence of a small thermal gradient 
throughout the sample. The gradient involved is the 
difference in temperature between the center of the 
specimen and the wall of the aluminum container. 
Air between the particles of the dry powder decreases 
the rate of heat transfer through the specimen, 
causing a temperature gradient. This gradient was 
determined by measurement to be about 5°C at 
—160°C, decreasing to less than 1°C at —30°C. Ina 
gel, a continuous phase exists, and essentially no 
gradient is observed. Identical curves were obtained 
in repeated experiments. 

The procedure outlined measures the total amount 
of heat absorbed by the system. Under conditions 
where an internal heat source does not cause a rise in 
temperature, such as the time during which the latent 
heat of fusion is being supplied, the values computed 
represent the total heat capacity of the system over 
the melting range. Under these conditions, the specific 
heat cannot be determined by experiment but can be 
estimated at higher temperatures by extrapolation of 
the linear portion of the curve to the intercept of the 
zero ordinate. 


Table 1. Reproducibility of specific heat measurements. 


Gelatin Specific heat (cal/z) 
concentration 
(Wt-% ) 2 160°¢ 
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Fig. 2. Warming curve for ice. 


The specific heat-temperature curve for ice as ob- 
tained by this method is almost identical to previously 
published curves (Dorsey, 1940), differing only by 
an average of 1.8%. 

A typical specific heat curve for beef chuck is seen 
in Fig. 3. As the temperature increases, the specific 
heat increases, At about —50°C the heat capacity 
rises sharply. The extrapolation on the curve gives a 
measure of the specific heat of the sample between 
—50°C and its melting point. 

With a method for measuring specific heat at low 
temperatures, it was possible to determine whether 
the specific heat of a complex system such as tissue 
was related to its composition. If so, the specifie heat 
of a tissue could be predicted onee the values of the 
specific heats of fat, protein, water, and salts, and the 
percentages of these constituents were known. 

We selected gelatin as a representative protein and 
measured the specific heat at various aqueous dilu- 
tions. Also determined were the specific heats of some 
naturally occurring fats such as lard, beef suet, and 
butter (Table 2). A model system simulating the 
composition of beef was prepared by homogenizing 
80 g¢ of a 22% gelatin solution with 20 g of melted 
beef suet (containing 10% water) in a blender. This 
homogenate was then placed in the aluminum con- 
tainer and quickly frozen. The final composition of 


Table 2. Specifie heat values of ice, fats, protein (gelatin), 
used to calculate the specifie heats of foodstuffs. 


Sample 40°C ~120°C 


lee* 0.438 0.368 
Gelatin*® 0.310 0.250 
Beef fat* 0.550 0.371 
Lard* 0.383 0.290 
Butter* 0.465 0.322 
Sodium chloride” 0.194 0.185 
Dextrose” 0.230 0.184 


*Values obtained by experiment 
» These values were obtained from the International Critical Tables 


Table 3. The specific heat of a model system" as obtained 
by direct measurement compared to the specifie heat calculated 
by constituent analysis. 

Cp 
Observed 


Computed” Observed /computed 


-40 0.435 0.468 1.07 
R0 0.348 0.387 1.11 
120 0.271 0.307 1.13 
160 0.212 0.228 1.13 
Av. 1.11 + 0.03 


* Composition of the model system was 64.4% water, 17.6% pro 


tein, and 18.0% fat. 
> The sum obtained after multiplying the specific heat of each com 
ponent by the weight fraction present. 


this system was 17.6% protein, 18% beef fat, and 
64.4% water. Its specific heat was measured at low 
temperatures, and the values were compared with the 
specific heats obtained by computation from the com- 
ponents, that is, from the sums of the specific heat of 
each component multiplied by its fractional concen- 
tration (Table 3). 

The computed values are consistently lower than 
the observed values by a factor of 1.11 + 0.03. A 
similar difference, a factor of 1.14 + 0.06, was ob- 
served when meats of natural occurrence, in contrast 
to the model system just described, were tested by 
comparing measured specific heat values with com- 
puted values (Table 4). These meats differed con- 
siderably in water, fat, and protein content. The data 
indicate that it is possible to predict the specific heat 
values of meats using the correction factor (1.14) with 
an average error of 4.4% and a maximum error of 
10.5%. Had the estimate of the specific heat been 
based on the water amount only, the error would have 
been about 35%. 

The correction factor for the computed specific 
heats of the two fish products measured is 1.09 + 0.05, 
a value quite similar to that obtained with both meats 


Cp-CaLsGm*c 


Fig. 3. The specific heat of beef chuck. 
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IF THEY CAN BE PRESSED INTO A TABLET...MORTON WILL COMBINE THEM FOR YOU! 


Morton will work with either seasoning suppliers or canners 
to custom-produce the right flavoring tablets for every job! 
As part of its complete service to canners, packers and proc- 
essors, Morton Salt Company will make tablets containing the 
exact combination of salt and other flavoring agents desired, 

following the user's specifications. 

In fact, Morton has, on occasion, produced tablets that do not 
even contain salt! 

Morton combination tablets are precision made to your exact 
requirements. Ingredients may include any flavoring agents 
which can be combined into a tablet, in any size from 10-grain 
to 400-grain. 


Morton's Complete Dispensing Service—Morton also offers a 
complete line of tested and approved dispensers, including Salt 
Tablet Depositors which deposit up to 700 tablets a minute with 
guaranteed accuracy. They will help you reduce costs, eliminate 
waste and assure better flavor control. All equipment is installed 
and serviced by Scientific Dispensing Company Division of 
Morton Salt Company. 
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Table 4. Comparison between measured and computed spe- 
cific heats for several different meats. 
Observed Op/computed Cp* 


Beof Beef De Beef Smoked cooked 
*C liver round i chuck ham 


—40 1.15 1.14 1 1.18 1. 

—80 1.08 1.09 1.1 1.09 1.2% 

—120 1.09 1.10 1.24 1.11 1.26 

—160 1.18 1.05 ‘ 1.05 1.19 
1 


Av. value + 0.06 


* The sum obtained after multiplying the specific heat of each com 
ponent by the weight fraction present 


and the model system (Table 5). Here, the average 
error, using the correction factor of 1.09, is 2.7%. 

The difference between the calculated and observed 
values could be due to vitreous ice in the frozen sys- 
tem. In a gelatin gel of the same concentration of 
protein as found in the meats and fish tested, most of 
the free water has formed normal hexagonal ice at 
these low temperatures, but a small yet significant 
amount of this water is present as vitreous ice (Dowell 
et al., 1961). In general, the specific heat of a vitreous 
solid is higher than that of the corresponding crystal- 
line solid (Partington, 1952). If the assumption is 
made that the specific heat of vitreous ice is higher 
than the specific heat of crystalline ice, we would 
anticipate that the computed specific heat values for 
the model system or meats would be lower than the 
observed values. Since this factor was not considered 
in our computations, the difference in the specific heat 
of vitreous and erystalline ice might account for the 
discrepancy in the two values. 

When the differences between the computed and 
the observed values were measured for the specific 
heats of the two dairy products, cheddar cheese and 
ice cream, the computed values were found to be 
higher than the observed values (Table 5). The ratio 
of the observed to computed specific heat is 0.87 + 0.06 
for cheddar cheese and close to unity, 0.96 + 0.11, for 
ice cream. 

In ice cream, which has a low protein content (4%), 
very little or no vitreous ice would be formed. There- 
fore, the computed and observed specific heats should 


Table 5. Comparison between measured and computed spe- 
cifie heats for some fish and dairy products. 


Observed Cp/computed Cp* 


Raw green Cod fish 

shrimp cakes» Icecream Oheddar cheese 
1.09 1.11 0.83 0.92 
1.09 1.09 0.92 0.90 
1.07 1.06 1.01 0.86 
1.02 0.97 1.09 0.79 

1.09 + 0.05 


Ay. values 0.96 + 0.11 0.87 + 0.06 


* The sum obtained after multiplying the specific heat of each com 
ponent by the weight fraction present 

>’ The computed specific heat values for this product were obtained 
by measurement of the ether extract (7.7%), the ether nonextractables 
(26.8%), and water (65.5%). 


be essentially the same. The value of 0.96 obtained for 
the ratio of the observed to the computed specific heat 
would support this hypothesis. Cheddar cheese, on 
the other hand, contains essentially equal amounts of 
water and protein, and a high percentage of the water 
present would be bound to the protein. 

Using the values for the specific heat of bound 
water between 0 and —70°C (Hampton and Mennie, 
1932) and our specific heat values for ice, the ratio of 
the specific heat of bound water to ice at —40°C is 
0.92, a value almost identical with that obtained for 
the ratio of the observed to the computed specific heat 
in cheddar cheese. As the temperature is lowered, the 
specific heat of the bound water decreases more 
rapidly than the specific heat of ice. This: decrease 
may account for the diminishing ratio of the observed 
to computed specific heats for cheddar cheese. 
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Relationship of Post-Mortem Acidity 


and Temperature’ 


(Manuscript received June 10, 1960) 


SUMMARY 


Various combinations of temperature and acidity were 
studied in relation to change in muscle structure. Soft, 
exudative tissue resulted when pH was decreased to about 
5.4 (lactic acid, ca, 1% ) while tissue temperature remained 
above 25°C. Chilling the tissues rapidly prevented the ex- 
treme pH variations and muscle structure alterations. Rap- 
idly chilling carcasses through submersion did not give the 
same degree of improvement, but substantially retarded pH 
decrease immediately post-mortem. The result was a ma- 
terial improvement of color intensity and water-binding 
capacity in fresh tissue as well as reduced gelatin formation 
in the canned product. 


Tue NORMAL RATE of post-mortem 
anaerobic glycolysis usually permits marked reduc- 
tion in muscle temperature before substantial acidity 
develops (Bate-Smith, 1948 ; Bendall, 1951). Extreme 
variations, however, have been noted in the rate of de- 
crease in pork muscle pH during the immediate post- 
mortem period (Briskey and Wismer-Pedersen, 1961 ; 
Briskey et al., 1959, 1960; Ludvigsen, 1954; Wismer- 
Pedersen, 1959). More recently Wismer-Pedersen and 
Briskey (1961) reported several post-mortem pH pat- 
terns and suggested that the effects of rate of gly- 
colysis on muscle structure were influenced greatly 
by the concomitant temperature of the muscle. 

This paper reports: 1) the temperature and acidity 
combinations that influence muscle color, structure, 
and pH; and 2) preliminary attempts to alter the pH 
pattern through a change in rate of chilling. 


EXPERIMENTAL 


Experiment I. Alterations in muscle structure at different 
temperatures. Two carcasses of low pH, and two eareasses of 
high pH, were obtained from the Roskilde Bacon Factory 
immediately after evisceration (Wismer-Pedersen, 1959). The 
longissimus dorsi muscles from the right'sides (10th rib to last 
lumbar vertebra) were removed, divided into three equal sec- 
tions, and labeled 2A, 2B, and 2C. The radiometer pH meter 
(model 31) was used in this experiment to obtain continuous 
recordings of pH and temperature as described by Wismer- 
Pedersen and Briskey (1961). The pH electrodes and thermo 
couples were uniformly placed in the medium of each section. 
The sections were placed in polyethylene bags and subjected to 
the following treatments: 

1) Seetion A was placed for 1 hr in a thermostatically con- 
trolled Plexiglas-styrofoam chamber at 37°C. The sample was 
removed from the chamber and held 24 hr at 3°C. 

2) Section B was placed in an ice-salt mixture at —2°C. 
When the muscle temperature decreased to 3°C the sample was 
removed from the chamber and held 24 hr at 3°C. 

3) Section C was held 24 hr in a 3°C atmosphere to simulate 
a normal rate of chilling. 


* Manuscript No. 123, Danish Meat Research Institute, Ros- 
kilde, Denmark. 

* Present address: Animal Husbandry Department, Univer- 
sity of Wisconsin, Madison. 


J. Wismer-Pedersen and 
E. J. Briskey ” 


Danish Meat Research Institute, 
Roskilde 


Electrodes and thermocouples were also inserted in the 
longissimus dorsi, of the left side, at the area of the 12th rib 
to serve as a dual control. 

Samples were removed at 1, 2, 4, 6, 10, and 24 hr, and loose- 
water numbers were determined at each period according to 
the method of Wismer-Pedersen (1959). The samples were 
then immediately frozen in dry ice and held for subsequent 
analysis of lactic acid according to a slight modification of the 
method outlined by Barker and Summerson (1941). Sections 
2A, 2B, and 2C were given the same treatment indicated above, 
and used to estimate color change and ‘‘drip’’ loss. The 
change in the intensity of the color was recorded with the 
Elrepho Reflectance Meter at 540 mp. A magnesium-oxide 
standard was used, with 100 as pure white. 

Experiment II. Further studies on the combined effect of 
acid and temperature on meat color and pH. A) Fresh muscle 
mince with three different solutions. Psoas major muscles with 
high pH, were excised within 20 min of being bled, and passed 
through a household meat grinder (2-mm holes). The mince 
was divided into three parts, and each portion was thoroughly 
mixed with one of the following solutions at the concentration 
of 5 ml per 50 g of mince: A, distilled water; B, lactic acid, 
1%; and C, 0.005N iodoacetate. Portions of the minced product 
(25 g) were transferred to Petri dishes, placed in Cryovac 
bags, and subsequently submitted to vacuum. Samples from 
each treatment were: a)’ chilled 1 hr in an ice-salt mixture at 
0° to —2°C, b) retained 1 hr at 37°C, and c) held 1 hr under 
normal cooler conditions (3°C). Control samples for each mix- 
ture and treatment were subsequently held 24 hr at 3°C. Color 
intensity and pH were recorded before and after treatment by 
the methods described in Experiment I. 

B) Fresh muscle mince with various lactic acid concentra 
tions. The mince was prepared by passing the tissue through 
a household meat grinder (2-mm holes). The mince was im- 
mediately mixed with 5-ml quantities of solutions containing 
the following lactic acid concentrations: A, 1.25%; B, 1.00%; 
C, 0.75%; D, 0.50%; E, 0.25%; and F, 0.005N iodoacetate. 
The samples from each mixture were transferred to Petri 
dishes, placed in Cryovae bags, subjected to vacuum, and 
immediately placed in temperature-control chambers, where 
they were held 1 hr at the following temperatures: 20, 25, 30, 
35, and 40°C. The samples were then removed and held 24 hr 
at 3°C, Changes in color and pH were recorded by the methods 
deseribed in Experiment I. 

C) Chilled muscle sections with various ultimate pH values. 
Used in this study were chilled psoas major muscles of varying 
pH (5.35, 5.65, 5.90, 6.20). Thin sections (% in.) were re- 
moved and placed in small Petri dishes. These units were 
placed in Cryovae bags, submitted to vacuum, and immediately 
placed in temperature-control chambers, where they were held 
l hr at the following temperatures: 20, 25, 30, 35, and 40°C. 
Color intensity and pH before and after treatment were re- 
corded by the methods deseribed in Experiment I. 

Experiment III. Effect of rate of chilling on fresh and 
processed products. Used in this study were 6 Danish Landrace 
pigs ranging in weight from 85 to 95 kg. The pigs were taken 
to the Roskilde Bacon Factory, where they were electrically 
stunned and slaughtered. Within 30 min of bleeding, the left 
sides were weighed and resistance thermometers were inserted 
in the medium of the semimembranosus (ham), longissimus 
dorsi (loin), pectoralis profundus (belly), and serratus ven- 
tralis (shoulder). The sides were then placed in polyethylene 
bags and the air was removed with a household vacuum appa- 
ratus. The prepared sides were immediately submerged in a 
-2°C brine. This cooling process was continued until the ham 


Pak 
3 
Buck 
4 : 
4 
> 
aN 
i 
“ig 
E 
4 4 
i 
ie 
¢ 
a 
232 


RELATION OF MEAT ACIDITY AND TEMPERATURE 233 


center achieved a temperature below 20°C. The sides were 
immediately removed and placed in a chilling room (Danish 
Meat Research Institute) with an air temperature of +3°C. 

The right sides, as controls, were placed in the 3°C atmos- 
phere within 45 min of bleeding. Continuous recordings of pH 
and temperature were facilitated with the specialized pH meter 
(Radiometer model 31). 

After the carcasses were chilled 24 hr at 3°C, they were re- 
moved from the chilling room and weighed. Chilled samples 
were later removed from the longissimus dorsi at the second 
lumbar region and held for immediate analysis of lactic acid 
eoncentration (Barker and Summerson, 1941), color intensity 
(Briskey and Wismer-Pedersen, 1961) and water-holding c¢a- 
pacity (Wismer-Pedersen, 1959). 

Processing treatment. The carcasses were fabricated into 
hams, shoulders, and loins as recommended by the 5th Re- 
ciprocal Meats Conference Committee (1952). These cuts were 
ultimately stitch-pumped with a normal curing brine (salt, 
nitrate, nitrite, and sodium tripolyphosphate) to 8% of their 
weight. After curing for three days, the cuts were boned, 
trimmed, and canned (66°C). Sausage emulsion was prepared 
from the tenderloin and belly. The emulsion was canned in 
cylindrical cans and sterilized 1 hr at 108°C. The cans were 
stored one month at 4°C, and ultimately examined for gelatin 
content by the method of Wismer-Pedersen (1959), color in- 
tensity as suggested by Briskey and Wismer-Pedersen (1961), 
organoleptic quality as reported by Wismer-Pedersen (1960), 
salt development by a modification of A.O.A.C. (1955) method, 
and nitrose-haem pigment concentration as outlined by Horn- 
sey (1956). 


RESULTS 


Experiment I, Acidity-temperature-time relationships in re- 
gard to alterations in muscle structure during post-mortem 
chilling. Fig. 1 shows chilling rates and pH patterns for the 
loin sections from ecareasses with high pHi. The rapid chilling 
of B sections produced pH patterns characteristic of the type 2 
muscles, deseribed by Wismer-Pedersen and Briskey (1961). 


The B sections showed ‘‘drip’’ loss values of abcut 1.37%, 
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Fig. 1. Chilling rates and pH patterns for high-pH; loins. 


and color intensity values of 16.15 reflectance units, and were 
adjudged normal in structure (Briskey et al., 1960). The re- 
tention of heat for one hour in the A sections, however, 
produced pH patterns characteristic of the type 4 muscles 
(Wismer-Pedersen and Briskey, 1961). The A sections showed 
‘*drip’’ loss values of about 4.60%, and color intensity of 
about 28.0 reflectance units, and were adjudged pale, two-toned 
in color, and soft in structure (Briskey et al., 1960). The C 
sections (chilled in a 3°C cooler) were intermediate in color 
and ‘‘drip’’ loss (21.00 reflectance Units, 3.66% loss). Beeause 
of the ‘‘drip’’ loss the LW (loose-water) values were ex- 
tremely variable. 

Fig. 2 shows chilling rates and pH patterns for the loin see- 
tions from eareasses with low pH:. The rapid chilling of 
section B prevented continuation of the severe drop and the 
elevation in pH that Wismer-Pedersen and Briskey (1961) 
noted to be characteristic of the type 4 muscles. These sections 
had ‘‘drip’’ loss values of 2.1%, and color intensity values of 
21.7 reflectance units, and were adjudged normal in strueture 
(Briskey et al., 1960). The retention of heat for 1 hr in see- 
tions A of these muscles, however, exaggerated the severity of 
the pH depression and elevation reported for the type 4 muscles 
(Wismer-Pedersen and Briskey, 1961). These sections lost 
about 6.0% drip and decreased in color intensity to 28.0 
reflectance units. Consequently, these sections were adjudged 
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Fig. 2. Chilling rates and pH patterns for low-pH;, loins. 


abnormally pale and inferior in strueture. The C sections, 
though improved in comparison to the A sections, were still 
inferior in quality, and showed color intensity values of 24-25 
reflectance units. These sections were adjudged pale, two- 
toned in color, and soft in structure. 

Although the inereases in lactic acid due to heat retention 
were not as pronounced as those that occurred normally at 
elevated temperatures in previous experiments, lactic acid 
formed significantly faster in the A sections than in the B and 
C sections during the initial treatment. This increase, however, 
was of the greatest magnitude in the A sections from the low- 
pH, carcasses. 

Experiment II. Further studies on the combined effect of 
acid and temperature on meat color and pH. A) Fresh muscle 
mince with three different solutions. Fig. 3 shows the effects 
of solution and temperature on the color intensity of fresh 
muscle mince. Group A (water) showed the usual effects of 
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Fig. 3. Combined effects of 
musele color. 


acidity and temperature on 


acid formation and chilling time on muscle color. The samples 
in Group B (laetie acid) a greater change in color 
intensity at all temperatures, with the most pronounced change 
appearing in the mince held 1 hr at 37°C. The iodoacetate 
solution (Group ©) blocked acid formation and contributed to 
retention of the intense color of the fresh muscle mince. 

B) Fresh muscle mince with 
tions, In this experiment, the musele preparations with at least 
0.75% added lactic acid showed the greatest sensitivity to tem- 
peratures above 25°C, This sizable reduction in color intensity 
was especially apparent in samples with 1.25-0.75% added 
lactic acid when heated to 30°C. Conversely, the preparations 
that received 0.25% or 0.50% acid showed only minor 
reductions in color intensity until they were heated above 35°C. 
The samples that received 0.005N resisted the 
change in color regardless of heat treatment. 

C) Chilled muscle sections with various ultimate pH values. 
The data in Figs. 4 and 5 distinctively imply a greater sensi 
tivity to heat in the low-pH musele. Section A (pH 5.35) 
showed minor changes in color intensity at 20, 25, and 30°C, 
and sizable reductions at 35°C. There were no color intensity 
changes in section B (pH 5.65) until the samples were heated 
to 40°C. With an ultimate pH value of 5.90 (Section C) there 
were only minor reductions in color intensity at 40°C, whereas 
the samples in section D (pH 6.20) resisted changes through- 
out the temperature treatments. It can also be inferred from 
the data in Fig. 5 that the pH changes show reasonable paral- 
lelism to the reductions in color intensity. 

Experiment III. Effect of rate of chilling on fresh and 
processed products. Fig. 6 shows representative chilling rates 
for various in the treated and control sides. The 
chilling rates in the ham centers were only moderately acceler 
ated by submersion in the cold brine. The ham surface, loin 
and belly, however, were chilled much faster in these treated 
Table 1 summarizes the effect of chilling rate on pH 
pattern, lactic acid formation, loose-water development, and 
color retention, These data imply that there were no substan- 
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Fig. 4. Influence of pH on the sensitivity of muscle color at 
various temperatures. 
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at various muscle temperatures. 


tial differences in ultimate (24-hr) laetie acid concentrations or 
pH values. The loose-water values were significantly decreased 
in the submerged sides, and the color, intensity values were 
significantly increased. 

There were no significant differences in salt content, ni- 
trose-haem pigment formation or gelatin percentage of the 
eanned products. Definite trends toward decreased salt and 
gelatin in the treated products were, however, quite apparent. 
The sausage emulsions from the submerged sides contained 
about 4% less gelatin than their respective controls. Organo- 
leptic evaluations showed no significant differences in saltiness, 
taste, and texture as a result of treatment. The color index 
values in the canned hams and loins tended to be lower 
(darker) from the submerged sides. 


DISCUSSION 


It is particularly noteworthy that it appears possi- 
ble to produce pale, exudative tissue by retaining 
body temperature for an extended period. It is 
equally pertinent to point out that the rapid chilling 
of sections with low pH, values prevented continu- 
ation of the severe depression and elevation in pH 


relation to pH and chilling rate. 


Control sides 


LW b 
(mg/g) 


pH 
(30-min) 


pH 
(24-hr) 


pH 
pattern 


Carcass Lactic acid 


no. 


507 
475 
490 
479 
506 
461 
486 


4 
4 
4 
4 
4 


*pH patterns (Wismer-Pedersen and Briskey, 1961) 
sharp, significant, immediate decrease 
* Loose- water (mg/g tissue) Wismer-Pedersen (1959). 
* Color index ( Zeiss, 
* Significantly different from the control sides at the 1% level. 


Color 


index * 


22.8 
19.9 


Elrepho Lichtelektrisches Remissions photometer ). 


Submerged sides 


pH 
pattern * 


LW 
(mg/g) 


456 
459 
436 
431 
442 
383 
435** 


24-hr) 


pH 
(30-min) 


Color 
index 


Lactic acid 
(%) 
1.07 
1.06 
1.15 
1.08 
1.11 
1.04 
1.08 


18.2 
13.3 
16.7 
17.8 
26.5 
17.4 


19.2** 


5.90 
6.35 
6.45 
6.45 


ow 

— 
oto to co 


slow g-adual decrease; 3, relatively rapid decrease; 4, 
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7 38 6.45 5.60 1.15 20.3 
A, 4 6.45 5.55 1.04 23.0 | 
5 5.55 5.58 1.18 32.8 5.55 
a 6 6.45 5.42 1.10 19.5 6.45 5.6 2 4 
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| 


(Briskey and Wismer-Pedersen, 1961), and thus the 
sections were normal in structure. This finding is in 
line with the inference (Wismer-Pedersen, 1959) that 
muscle temperature and pH combinations may 
markedly influence its ultimate appearance, and also 
opens a new area for research on the relationship of 
acidity-temperature-time and musele structure. 
Although various careass chilling rates were ob- 
tained, it was nevertheless obvious that it was diffi- 
cult to apply this principle of rapid chilling in muscle 
sections to the intact carcass (Am. Soc. Refr. Engrs., 
1959; Callow, 1938; Jul, 1959). It was also difficult, 
under normal conditions, to secure carcasses from the 
slaughter line before the initial impact of the acidity- 
temperature-time factor in those carcasses inclined to 
possess an extremely rapid rate of anaerobic glycoly- 
sis and consequently to follow drastic pH] patterns 


| | | 
uw 40° — HAM CENTER 
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——HAM 
5 \ 
\ 
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WwW \ ~ 
\ ‘ ee 
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| 2 3 4 S 6 
HOURS POST-MORTEM 
Fig. 6. Variations in chilling rates of control and sub 
merged sides. 


(depression and elevation) (Briskey and Wismer- 
Pedersen, 1961). In spite of these problems, it 
appears valid to study the principle in excised muscle 
sections (Fremery and Pool, 1960). 

The data in Figs. 3 and 4 support the work of Bate- 
Smith and Bendall (1945) and Bendall (1946, 1947), 
who found pH elevations to be greatest in low-pH 
solutions. In the present experiment, temperatures 
to 40°C were not critical if pH values were above 6.2. 
Temperatures above 35°C appeared to be influencing 
factors if the muscle tissue possessed a pH value be- 
low 5.90. This suggests that if the pH, decreases 
below 5.90 the muscle will undoubtedly be altered 
in structure. Similarly, a temperature above 30°C is 
critical if the pH value is below 5.6. The data are of 
comparable importance in interpreting muscle changes 
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in intact careasses that, in effect, reveal various com- 
binations of acidity-temperature during post-mortem 
chilling. Although the procedures used were not suc- 
cessful in appreciably accelerating the chilling rate 
in the intaet carcass, the improvements in chilling 
rate were accompanied by concomitant improvements 
in pH change, water-binding capacity, and color de- 
velopment. These improvements were observed in the 
longissimus dorsi muscles, which, because of the thick- 
ness and exposure factors, were chilled at an acceler- 
ated rate. The accelerated chilling rate had no 
significant effect on total lactic acid content, but it 
did reduce the rate of lactic acid formation. 

The ‘‘open’’ and ‘‘closed’’ structures as defined by 
Callow were specifically demonstrated in these experi- 
ments. The rapidly chilled sections and the sub- 
merged sides reflected the ‘‘closed’’ structures, which 
were evidenced in the sections by higher pHe, darker 
color, and improved water-binding capacity. 

Although no practical aspects were implied, these 
observations are of pertinence since pork muscle fre- 
quently exhibits considerable acidity at high tem- 
peratures (37-40°C) and subsequently reflects the 
pale, watery condition. When the chilling rate was 
substantially altered, as in Experiment I, the adverse 
change in , ‘rueture was significantly reduced. Com- 
parable work with intact carcasses showed that slight 
alterations in chilling rate prevented sharp reductions 
aml elevations in pH, and therefore reflected an 
improved fresh muscle quality. The rate of heat re- 
moval from 40 to 20°C was of great importance in 
determining the effeet of lactic acid formation on 
water-binding capacity and gelatin formation. 

Further studies must be conducted to determine 
the specific effects of these temperature-acidity com- 
binations on the nature of the individual muscle 
proteins. 
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SUMMARY 

Materials for stabilizing raisins against loss of moisture 
were studied. Beeswax was the best moisture barrier of 
the edible coatings tested. Diluting beeswax with cotton- 
seed oil or other vegetable oils increases its permeability 
to water vapor. A method for the application of a moisture 
barrier to raisins was devised. The raisins are dusted with 
starch and then coated with beeswax or a mixture of 
beeswax and vegetable oil. Untreated raisins stored with 
bran flakes became hard and inedible in about one-fourth 
of the time required for wax-coated raisins. Texture meas- 
urements with a shear press indicate increasing toughness 
as raisins are dried out. 


Tue SHELF LIFE of prepared 
breakfast-food flakes containing raisins is consider- 
ably shortened by transfer of moisture from fruit to 
cereal. Eventually, the flakes lose crispness and the 
raisins become hard and less palatable. 

Attempts to extend the shelf life of the raisin-cereal 
product have had but moderate success. Some manu- 
facturers have reduced the vapor pressure differen- 
tial between the two constituents by increasing the 
moisture content of the bran flakes. Coatings of 
beeswax, raisin oil, and sugar applied commercially 
have not been effective moisture barriers. Breaks and 
pin holes are seen in the coating under a low-power 
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micrescope. However, a thin film of beeswax applied 
in the manner described below is an effective moisture 
barrier capable of extending shelf life by a factor of 
three or more. 

Raisins as received from the processor normally 
have small droplets of moisture or syrup on the sur- 
face. These are particularly apparent at points where 
the skin is broken. Mechanical or insect damage to the 
grapes also results in tiny droplets of liquid on the 
outside of the raisins. When a waxy coating is 
applied, these droplets are not covered ; thus, a small 
hole is left in the wax layer and moisture can escape 
from the interior of the raisin. 

Two approaches to stabilizing raisins for dry cereal 
were considered : adding edible humectants, and coat- 
ing the surface with a moisture-vapor barrier. Pre- 
liminary tests showed humectants to be unsatisfac- 
tory, either because of changes in flavor or stickiness 
of the treated raisins. A moisture-impervious film, in 
contrast, seemed to offer considerable promise. Ac- 
cordingly, a number of materials were sereened. 
Dusting raisins with starch and then dipping them 
in molten beeswax proved effective. The process has 
been carried through pilot-plant development. De- 
tails of pilot-seale operations will be described later. 


EXPERIMENTAL 
Materials. Test fruit was regular Thompson Seedless raisins 
containing 14-18% moisture. Commercial bran flakes con- 
taining 3.2% moisture were stored in a low-humidity room until 


L 
é 
ll 
ie 
q 
3" 
4 
a 
4 


STABILIZING RAISINS FOR DRY CEREAL PRODUCTS 


used. Commercial edible corn, rice and potato starches, pectin, 
proteins and modified proteins, acetylated glycerides, animal 
and vegetable fats and waxes, and natural and synthetic 
emulsifiers were tested. The beeswax used was pure edible 
beeswax of technical or food grade. A simple ecobaltous chloride 
hygrometer (Brekke and Watters, 1958) facilitated rapid test- 
ing of many materials for their resistance to passage of mois- 
ture vapor. A thin film of the material tested separates a strip 
of paper impregnated with CoCl and a vial of water. The 
number of hours required for the CoClk strip to change from 
blue to pink is recorded. These values are interpreted as in- 
verse indices of the permeability of the materials to water. 

Methods. Many of the non-lipid materials were applied as 
solutions and allowed to dry on the surface of the raisins as a 
film. Lipid materials were applied in liquid form; those that 
are solid at room temperature were applied in a bath at 
elevated temperature. Starch was applied dry by merely 
tumbling the raisins and starch together in a container. Satis- 
factory materials for precoating raisins are corn, potato, and 
rice starches. Dusting raisins with dry starch conditions the 
surface so that a continuous layer of lipid material can be 
applied. The excess of starch involves the water in the surface 
droplets in such a way that a dry surface develops which is 
compatible with lipids. Beeswax was applied after starch pre- 
coating by immersing raisins for 2-3 min in a bath of molten 
beeswax (210-220°F): The raisins were thus warmed to near 
the temperature of the bath, and excess beeswax was easily 
removed by tumbling the raisins on a sereen or on an absorbent 
surface such as a paper towel. The laboratory-scale tests were 
run on 2-3 lb of raisins at the time. 


RESULTS AND DISCUSSION 


Materials such as proteins, pectin, liquid oils and 
waxes, and natural and synthetie emulsifiers were in- 
effective as moisture barriers. As can be seen in Table 
1, a beeswax film is manyfold more resistant to the 
passage of moisture than the above materials. 


Table 1. Time required for moisture vapor to penetrate 
films of test materials in cobalt chloride hygrometer. 


Test material 
Filter paper 
Pectin 

Casein 
Cottonseed oil 
Coconut oil 
Cetyl alcohol 
Jojoba oil 
Lecithin 
Acetostearin 
Beeswax 


The most effective moisture barrier was a film of 
beeswax applied to raisins pretreated with dry starch. 
Less effective was beeswax diluted with liquid oils 
such as cottonseed oil or raisin oil. The liquid oils 
apparently diluted the effect of the solid beeswax. 

Treated raisins and untreated controls were stored 
at 0% and 20% relative humidity. Changes in weight 
indicate loss of moisture. As can be seen in Fig. 1, the 
beeswax film provided the greatest protection against 
moisture transfer. Similar results were reported by 
Sehultz et al. (1949). 

Raisins and bran flakes (3.2% moisture) were 
stored at 70°F in hermetically sealed glass containers. 
Fig. 2 shows the results. The uncoated raisins in 5 
weeks were down to 11% moisture, considered by 
many in the cereal-products business to be the accept- 
able minimum. At 5 weeks the beeswax-treated raisins 


Raisin Storage 


| Cooted With Beeswax 


2 Gosted With 50% Beeswox- 50% 
Cottonseed Oil 


3 Uncoated 
— 20% RH 
-- O% RH 


PERCENT MOISTURE 


@ 
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50 
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Fig. 1. Moisture content of raisins held at 0% and 20% 
relative humidity. 


still contained 14.5-16% moisture. At 90 days, raisins 
coated with 100% beeswax were at higher moisture 
levels than those coated with 50% beeswax. 

Raisin bran flakes were ‘‘manufactured’’ by addi- 
tion of raisins 1:3 (w/w) to commercial bran flakes. 
The mixtures were then returned to retail packages, 
resealed, and placed at constant temperature (70°F). 
Relative humidity varied between 25% and 75% (av 
about 50%) during storage. The coated raisins lost 
moisture considerably more slowly than the uncoated 
(Fig. 3), and pure beeswax was more effective than 1:1 
beeswax and cottonseed oil. The moisture content of 
the untreated raisins decreased from 17.5% to 11% 
in 2 weeks; those coated with a 100% beeswax film 
had an initial moisture content of 16.5%, and 9 weeks 
passed before they had dried to 11% moisture. In 
this experiment, packaging material undoubtedly 
plays a role in the moisture transfer phenomenon, and 
atmospheric conditions likewise could exert an effect 
rather too variable for easy analysis. 


Raisins Stored With Branfiokes in Gloss Contoiners 


|. Coated With Beeswox 
2. Coated With 50% Beeswox-50% Cottonseed Oi! 
3. Uncoated 
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Fig. 2. Moisture content of raisins stored with bran flakes 


in glass containers. 
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A modified shear press was used to measure and 
compare the texture of regular and ‘‘midget’’ raisins 
at various moisture contents (Kramer and Backinger, 
1959). ‘‘Midgets’’ are small-size raisins frequently 
used in cereal products and baked goods. The results 
are in Fig. 4. Raisins from the raisin bran flake 
experiment were tested on the shear press at 9 weeks. 
The results are expressed as pounds of force neces- 
sary to shear through a sample of raisins: untreated 
(9.5% moisture), 1755; 50% beeswax—50% cotton- 
seed oil (10.0% moisture), 955; 100% beeswax 
(11.0% moisture), 1430. The raisins coated with 
beeswax and 1: 1 beeswax and cottonseed oil appeared 
softer and more edible than the controls. The low 
results for the raisins coated with beeswax and vege- 
table oil may be due to the effect of the liquid com- 
ponent on the shearing action of the press. 


| Coeted With 
2 Cocted With 5O% 50% Cottonseed 


5 Uncoeted 


w 
5 
2 
8 


2 3 4 5 10 

WEEKS IN STORAGE 
Fig. 3. Moisture content of raisins from ‘‘ raisin bran flake’’ 
product packed in cardboard box with waxed-paper inner liner. 


The thickness of the coatings applied by mechanical 
applicators can be controlled by the conditions main- 
tained in the equipment. Thin coatings (only 1.2% 
by weight of the raisin) have been applied. Accord- 
ing to (Lovegren and Feuge, 1954; Landmann et al., 
1960) the amount of moisture vapor transferred 
through a film of lipid material was affected only 
slightly by moderate changes in film thickness; our 
results generally confirm this. Coatings of about 2% 


Regular 
Midget 


w 


SHEAR PRESSURE (Lbs. X 1000) 


% MOISTURE 


Fig. 4. Raisin texture measurements by modified shear press. 


of the weight of the raisin can be expected to give 
results as reported in this paper. 
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Radiation Preservation of Milk and Milk Products. XII. 


Radiation Sterilization of Milk in a Rotary-Disc Apparatus: 


(Monuscript received October 14, 1960) 


SUMMARY 

An apparatus was constructed that allows the production of 
sterile concentrated (3:1) milk that is essentially free of off 
flavor. Polyphosphate-treated milk processed in this manner 
may be stored at 30°C in sterile form without gelation for at 
least 6 months. 

It is possible that the apparatus may find practical use in 
the electron irradiation of other liquids of suitable viscosity. 


Devevoruenr of a process for 
radiation sterilization of milk has been a subject of 
research in this laboratory for several years. The 
principal problems encountered, aside from construc- 
tion of equipment that would ensure a sterile product, 
were the changes in milk brought about by irradi- 
ation. Some of these changes were the production of 
off-flavors, and the development of gelation and 
browning in storage. 

In an effort to overcome the production of off- 
flavors, a radiation distillation apparatus was de- 
veloped (Wertheim ef al., 1959) that allowed re- 
moval of the off-flavors. The resulting produet, 
though free of off-flavor, was of limited value since it 
could not be obtained in a sterile condition. 

With the apparatus to be described, however, con- 
eentrated (3:1) milk has been produced in sterile 
form essentially free of off-flavor. It is possible that 
this same apparatus may have application in electron 
irradiation of other liquid materials of suitable 
viscosity. 

Factors considered in the design of the apparatus 
were the desirability of continuous operation, ease of 
cleaning and sterilization, prevention of corrosion, 
penetration of the electron beam, and removal of off- 
flavor. The energy level of electrons produced from 
the General Electric accelerator available in the De- 
partment of Food Technology was 0.8 Mev. This 
necessitated irradiation of a thin film (about 2 mm 
thick) of milk in order to obtain a sterilization dose. 

A tubular vessel for irradiation of liquids and gases 
under pressure was described by Trageser (1958). 
Since this apparatus required electron energies 
higher than 1 Mev, and since its use with milk might 
lead to problems in obtaining even flow as well as to 
fouling of its interior by milk, its adaptation to the 
current problem was not considered feasible. 

The apparatus constructed, which has produced 
sterile concentrated milk essentially free of off-flavor, 
consists of three basic parts: 1) an irradiation cham- 
ber ; 2) an evaporator in which off-flavors are removed 
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by aseptic vacuum distillation and the milk is diluted 
to the desired concentration; and 3) an aseptic sam- 
pler. The irradiation chamber contains a rotating 
disc, or turntable, onto which is continuously fed a 
thin layer of concentrated (4:1) milk. The layer of 
milk is moved by the turntable through the electron 
beam at a rate that allows its sterilization, and 
drained into the evaporator. As soon as the evapo- 
rator is filled with irradiated milk it is set up for dis- 
tillation. During distillation the volume of liquid in 
the evaporator is maintained by addition of sterile 
water. Upon completion of distillation the resulting 
sterile irradiated milk is drained from the evaporator 
into appropriate containers in the aseptic sampling 
chamber. All operations are carried out in an inert 
sterile atmosphere, and all parts of the apparatus 
that come into contact with the milk can be sterilized. 
EXPERIMENTAL 

Fig. 1 is a detailed diagram of the rotary-dise apparatus. 

Fig. 2 shows the distillation-reconstitution apparatus and 


aseptic sampling chamber. 


MILK FEED 


{RRADIATION 


ELECTRON BEAM 


SHIELDING 


GEAR MOTOR 


Fig. 1. Rotary-disc irradiation apparatus. 
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The rotating-disc apparatus (Fig. 1). The milk to be irradi- 


ated is applied by nitrogen pressure through sterile gum- 
rubber tubing (1), and a calibrated rotameter (12), to a 
rotating dise. The milk flows onto an indentation, 0.078 in. 
deep by 2.5 in. wide, in the outer edge of the nickel-plated 
sluminum dise (12-in. diameter) that rotates inside a nickel- 
plated brass housing. The housing is covered with a gas-tight 
aluminum plate having a 2x 2-in. window (2) covered with 
aluminum foil (1 mil) and placed directly over the layer of 
milk being irradiated. During irradiation the outer surface 
of the window is 6 in. from the electron tube of the electron 
accelerator. The layer of milk is 7.5 in. from the electron tube. 

The dise, rotated by a gear motor connected through a 
chain (9) and speed reducer (8), carries the milk through the 
electron beam to a flexible Tygon seraping knife (3), which 
causes it to flow off the dise through a nickel pipe (4), Tygon 
tubing (6), and sterile cotton plug (7) to the evaporator. 

_ The irradiation chamber is maintained in a horizontal posi- 
tion by leveling serews (5), is well shielded with lead bricks 
and sheets, and is mounted on a movable eart. An inert atmos- 
phere is maintained within the chamber by means of a con- 
stant flow of helium sterilized by passage through a wash 
bottle (10) containing 10% aqueous sodium hydroxide solution 
and a sterile cotton plug (11). 

The distillation-reconstitution apparatus (Fig. 2). During 
irradiation the evaporator is used as a receiver for the milk. 
The evaporator (12 in. high and 6 in. diam), of stainless steel, 
is fitted with two sight glasses, a side-inlet tube and an outlet 
tube at the top. Its eapacity is 7 L. As soon as the evaporator 
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Fig. 2. Distillation-reconstitution apparatus for irradiated 
milk. 


contains about 3 L of irradiated milk the apparatus is set up 
for distillation as shown in Fig. 2. Heat required for distilla- 
tion is provided by a stainless-steel coil (1) through which 
warm water (120-130°F) is pumped. The evaporator is con- 
nected through glass tubing (2) (0.75 inch i.d.) to a shell and 
tube condenser fitted with a reeeiver (5) for the distillate 
immersed in an ice bath (3); to a manometer and dry-ice trap 
(6), and finally to a vacuum pump (7) 

Evaporation is carried out at 85-90°F and 20 mm Hg pres- 
sure. The milk is maintained at constant volume during evapo- 
ration by addition of sterile water from a large reservoir (8). 

Evaporation of the irradiated milk is continued until the 
volume of distillate collected in the receiver (5) is about 3 
times the original volume of the milk being distilled. The 
apparatus is then brought to atmospheric pressure by admis- 
sion of sterile nitrogen through a wash bottle (10) containing 
10% aqueous sodium hydroxide solution and a sterile cotton 
plug (11). 

The aseptic sampler (Fig. 2). The milk thus obtained is re- 
moved from the apparatus under sterile conditions by means of 
an aseptic sampling chamber. A sterile inert atmosphere is 
maintained in the sampling chamber by a slight positive nitro- 
gen pressure. The milk is drained from the evaporator into 
sterile bottles (8 oz) through a stopeock (14), and removed 
with a sterile rubber glove (15). 

The preparation of sterile irradiated milk. A layer (2 mm) 
of concentrated (4:1) milk prepared from pasteurized milk by 


vacuum evaporation in the Evaporator described above, was 
irradiated on the rotating dise in the manner outlined. The dise 
was rotated at 1.33 rpm (3.2 ft/min) beneath the 0.8-Mev 
electron accelerator, which was operated at a beam current of 
0.95 ma, The practical capacity of the apparatus was 3-4 L 
of milk per hour. 

The dose milk was exposed to had been previously determined 
by the methylene-blue method. Petri dishes containing 0.1% 
solutions (2 mm thick) of methylene blue and covered with My- 
lar film were irradiated on the rotating dise under the conditions 
given. The degree of discoloration of these solutions, as de- 
termined by comparison with a calibration curve prepared at 
650 mu with a standard Co” source, indicated that the radi- 
ation dose was 1.86 megarad. This dose was shown to have a 
bactericidal effect in that irradiation under the above condi- 
tions of an agar growth medium inoculated with spores of a 
pink-pigment-producing culture of B. subtilis, and poured 
on the sterile rotating disc, resulted in no growth of the cul- 
ture during storage for 3 days at 30°C. 

Distillation of the irradiated milk thus collected in the 
evaporator was carried out at a rate of 3 L per hour. The re- 
sulting product was diluted under aseptic conditions to 3:1 
concentration and stored at 30°C. 


RESULTS AND DISCUSSION 


Milk treated in the manner described was found to 
be sterile. Organoleptie evaluation in triangle tests 
of the freshly irradiated and distilled product indi- 
cated that it was essentially free of off-flavor. 

It was well known from previous work in this labo- 
ratory that irradiated concentrated milk undergoes 
gelation after several days at elevated temperatures. 
Sterile concentrated milk (4:1) irradiated in the dise 
apparatus gelled in 3 days at 30°C. At low tempera- 
ture (3°C), however, this milk showed no gelation 
after several months of storage. Gelation at 30°C 
could be postponed 10 days by addition of 0.2% 
sodium tripolyphosphate (Hoff et al., 1960) to 4:1 
concentrated milk before its irradiation in the dise 
apparatus. Gelation was postponed for at least six 
months by dilution of the polyphosphate-treated milk, 
as obtained from the apparatus, to 3:1 concentration. 

The irradiated milk developed a brown color on 
storage at 30°C. No significant browning was ob- 
served in samples stored at 3°C. It thus appears that 
the irradiated milk may require refrigerated storage 
for higher quality. 

Successful preparation of sterile irradiated milk 
could not be carried out unless concentrated (4:1 or 
3:1) milk was used. Normal unconcentrated milk 
was not viscous enough to allow even distribution 
over the rotating dise, and thus received an uneven 
dose. However, use of 0.5% alginate as a thickener 
allowed successful preparation of sterile unconcen- 
trated milk. 

Most of the heat generated during irradiation was 
dissipated in the milk. Although an increase in tem- 
perature of 4°C was theoretically expected as a result 
of the radiation dose, the actual increase was 8-10°C. 
The effect, if any, of this temperature increase on the 
milk was not determined. 

Repeated exposure of the nickel-plated aluminum 
dise used in the apparatus, to radiation and to milk 
resulted in some corrosion of the dise. It is thus clear 
that a stainless-steel dise is necessary if the apparatus 
is to be in regular use. 
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Effect of Added Sugar on Consumer 


Acceptance of Canned Peas 


Manuscript received December 17, 1960) 


SUMMARY 


Within the range 3.1-8.7% added sugar in the brine of 
canned peas, the highest level was preferred significantly, 
and the next-highest (7.35%) was preferred (both higher 
levels than generally used commercially). Added sugar 
increased total solids and alecohol-insoluble solids very 
slightly, gave a technically significant increase in drained 
weight, and appears to cause an apparent reduction in 
Hunter L values; there was relatively little difference be- 
tween peas in the rate of change in L values of peas sub- 
jected to normal steam-table treatment. 


Inv RMATION is scant on the effect 
of added sweetness on the acceptability of canned 
vegetables, but recent studies indicate that consumers 
prefer higher levels than normally used (Buck and 
Weckel, 1956; Weckel et al., 1960). In the continu- 
ation of studies on the effect of added sweetness on 
preference for canned vegetables, canned peas were 
studied. 

METHODS 


The procedure was in its entirety very similar to that used 
for canned whole-kernel corn (Weckel et al., 1960). Peas of the 
variety Alsweet from one field were used to assure uniformity 
of quality within a pack of about 14,000 cans. The peas were 
packed on the regular production line of a commercial cannery 
in 1-lb C enamel-lined coded cans, and heat-processed 27 min at 
245°F in a continuous A-B-type sterilizer. The peas were then 
stored 3 months at 40°F to allow equilibration. Five different 
eoncentrations of sugar in the brine ranged from 3.07% to 
8.69% (Table 1). The five lots of peas were identified by code. 
One-half of the cans of each code were identified with a red 
label, and the other half with a black label. 


* Deceased. 


K. G. Weckel and W. D. Mathias 


University of Wisconsin 


G. F. Garnatz * and Margaret Lyle 


Kroger Food Foundation, Cincinnati, 
Ohio 


Coded pairs of cans of peas were distributed, along with in- 
structions for their use, and scoring forms for each member of 
the family 10 years of age and above to each of two groups, 
the Madison panel and the Kroger panel, respeetively com- 
prising 750 and 591 families. The scoring form established the 
following: age, sex, preference of sample for flavor and for 
appearance. Opportunity was provided for indicating a reason 
for preference of flavor (sweeter, less sweet, normal) and for 
appearanee (brighter, darker, normal Provision was made 
in the form for ‘‘no difference’’ observations. The principle 
of Latin-square arrangement was used in distribution of the 
peas (10 pair combinations of 5 different codes). Each family 
was given a red-labeled and black-labeled can in each pair, 
and asked to evaluate the red can first. Since each code was 
represented by red and black labels, half the evaluations were 
made in reverse order, eliminating bias from order of presenta- 
tion. The Madison panel was asked not to add sugar, salt, 
pepper, or butter at serving the samples. The Kroger panel 
was allowed the option of using the condiments and butter. 
Both groups were asked to evaluate the samples served simul- 
taneously with a meal of their choice. The Madison panel con- 
sisted of families whose principals were about 20% married 
students, 15% married office personnel, 30% university faculty, 
and 35% skilled and unskilled labor. Classification of the 
Kroger panel was not known. Responses received from the 
two panels totaled 10,641 score forms. 

In addition, various properties of the peas were determined 
at intervals during storage and during steam-table treatment 
at 190°F for periods up to 6 hours (The Almanae of the Can- 
ning, Freezing, Preserving Industries, 1960). 

Contingency tables as deseribed by Ostle (1945) were used 
in analysis of the data to determine the effects of age and 
sex on preference. The ‘‘no difference’’ evaluations were 
excluded from the analyses. 


RESULTS AND DISCUSSION 


Table 1 presents the analyses of the peas at various 
intervals of storage and after steam-table treatments. 
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Table 1. Analysis of canned peas. 


Sugar in put-in brine (%) 
Salt in put-in brine (%) 
Total solids in drained peas (% ) 
Alcohol-insoluble solids (% ) 
Drained weight (¢) 
storage 
17-mo. storage 
pH of drained peas 
40° storage 
70° storage 
100° storage 
Hunter value 
40° storage 
70° storage 
100° storage 
Hanter value after steam 
table treatment (190°F) 
0 hours 
2 hours 
4 hours 
6 hours 


Evaluation of the samples by the panels is analyzed 
in Table 2. 

Increased levels of sugar in the put-in brine ap- 
peared to increase A.I.S. level only slightly, but 
increased total solids and drained weight to a greater 
degree. The Hunter Color Difference Meter ‘‘L’’ 
values of the peas decreased with an increase in the 
sugar level. The effect apparently was no greater 


Table 2. Preference evaluation of canned peas for flavor and 
appearance of consumer panels. 
Per cent sugar in put-in brine 
4.54 5.97 7.35 
Flavor 
Madison panel 
No. of preferences 1135 
% of total 21.4 
Kroger panel 
No. of preferences 1190 
% of total ‘ 5 22.2 
Appearance 
Madison pane! 
No. of preferences 
% of total 
Kroger panel 
No. of preferences 
% of tota! 


when storage was at 100°F than at 40°F. The ‘‘L’’ 
values of the peas at each sugar level decreased dur- 
ing holding periods on a steam table. The rate of 
decrease, however, was only slightly greater for 
higher levels of added sugar. 

Table 2 summarizes evaluation by the consumer 
panels. Higher sugar levels in the brine (7.5-8.7%) 
were greatly preferred. The preferred levels are at 
least 1.5 times those used generally by Wisconsin com- 
mercial pea canners: 1.6-5.3%, and averaging 3.25% 


Storage period 
8 months 


5.97 
19 


for Alsweet (Weckel, 1960). Even higher levels of 
sweetness than tested might have been preferred by 
the panels, though there was evidence that the panels 
noted the adverse effect on color of the highest level 
of sugar. The two panels agreed remarkably in their 
evaluations. 

A study was made of 636 interactions of sex, age, 
preference and reasons of preference of flavor and 
appearance. Only a few significant relationships were 
noted; these were without consistent effect. The 
drained weight of peas increased at least 10 g and up 
to 20 g per can when the sugar added per can was 
about 10 g. Hydration effects of the sugar were proba- 
bly involved (Sterling, 1959). 
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STARCHES and SYRUPS 


Keep your product in her cart 
...week after week 


Corn starches and syrups are time-tested, nourishing, 
economical carbohydrates. They’ve long been used 
and accepted as foods and food ingredients. They 
may be the answer to problems you have resulting 
from recent legislation regarding foods because: 


In addition to being time-tested, nourishing, economi- 
cal carbohydrates, corn starches and syrups can pro- 
vide valuable functional properties as: 


Stabilizers Emulsifiers - Binders - Humectants 
*« Bland sweeteners + Texturizers + Preservatives 
(of natural body and color) + Thickeners (for 


Call the Man from Hubinger 

.. his service is freely avail- 
able. Write, wire or phone 
today. 


consistency control) - Sugar Crystalization control 
* Coatings—Glazes 
CORN STARCH is ideal for baking, baking powder, 


cS meats, mustard, salad dressing, custards, pudding, 
canned soups, etc. 


CORN SYRUPS are used in mixed syrups, infant foods, 
preserves, jams, jellies, baked beans, sausage and cured 

eS meats, frozen and canned fruits, frozen deserts and 
many other products. 


CORN SYRUP SOLIDS are widely used in ice cream, 
A SSo9 baked goods, frozen fruits, dry food mixes, jams, jellies, 

table ready and canned meats, to mention just a few. 
Whatever you may be processing OK BRAND corn 
syrups or starches will help you keep your product 
in her cart week after week. 


THE HUBINGER COMPANY 


Keokuk, lowa 


NEW YORK + CHICAGO + LOS ANGELES + BOSTON + CHARLOTTE + PHILADELPHIA 


You can depend on HUBINGER...fast shipment by rail...prompt delivery by truck 
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PACKAGING 


An exciting new method for — removing oxygen 
from foods and beverages - fluffing - controlled fer- 
mentation of wines - light carbonation of beverages. 


EFFICIENT 
LOW COST 
EASY TO INSTALL 


The Aireo Gas Sparging process is a new technique of 
injecting gas into liquid or semi-solid foodstuffs, juices, 
wines, oils, salad dressing, etc. as they are being proc- 
essed. Its purpose is either: 

1. To preserve product quality by flushing out oxygen, or 
2. To fluff the product by super-saturating it with mi- 

nute gas bubbles. 

Specifically, sparging accomplishes the following: 
Removal of oxygen from oxygen-sensitive liquids such 
as citrus juices, edible oils and essential oils, wines, ete. 
with nitrogen or COz. + Fluffing of mayonnaise, salad 
dressings, shortening, peanut butter, ice cream, ete. 
with nitrogen. + Controlled fermentation of wines with 
oxygen, nitrogen, and COe. + Light carbonation or 
effervescence of wines and other beverages with CO2 
or 


The Unique Airco Gas Sparger: SSCS 


AIR REDUCTION SALES COMPANY 
Customer Service Laboratory 
1400 East Washington Ave., Madi 10, Wi 


Please send complete information on sparging 


This clean, simple, compact unit does the job during 
the process flow with no disturbance of existing equip- 


ment. It is easy to install, low in price, efficient. 


For further information about Airco Gas Sparging of 
APPLICATION MOST INTERESTING 


your products— fill out this coupon—mail it today. 
NAME. 


TITLE 


COMPANY. 


AIR REDUCTION SALES COMPANY 


CUSTOMER SERVICE LABORATORY 
1400 East Washington Ave. Madison 10, Wisconsin he 
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Thermal Conductivity of Meats, Fats, 


Gelatin Gels, and Ice’ 


Manuscript received November 19, 1960) 


SUMMARY 


The thermal conductivities of ice, gelatin gels of several 
concentrations, different kinds of meat (including fish and 
poultry), and several kinds of fat, measured over a range 
of temperatures between 5°C and —25°C, are presented. At 
above-freezing temperatures the conductivities of the differ- 
ent meats were about equal to each other and slightly lower 
than the value for water. A simple linear equation expressed 
the relation between temperature and conductivity for the 
gels and meats at temperatures below —10°C. The conduc- 
tivity of fats varied only slightly with temperature. Com- 
parison of measured and calculated results indicated that 
caleulations would be of limited usefulness in predicting 
the thermal conductivity of frozen or other non-homogene- 
ous food in practice. 


on the thermal con- 
ductivity of meats and associated animal fats is 
limited and frequently conflicting. Reports usually 
omit the composition of the sample (moisture and fat 
content), and frequently fail to specify test condi- 
tions such as temperature, temperature difference, 
and direction of grain or structure of sample with 
respect to direction of heat flow. In addition, few 
investigations have covered a range of temperatures 
sufficient to provide information on the variation of 
thermal conductivity with temperature below the 
freezing point. Among the exceptions are work by 
Cherneeva (1956) on beef, pork and associated fats, 
and by Jason and Long (1955) on fish. Table 1 sum- 
marizes representative published data on the thermal 
conductivity of meat and fat. 

Knowledge of the thermal conductivity of meats 
and other foods is becoming more important with the 
present rapid increase in the amount and variety of 
products being frozen, particularly since this in- 
crease has been accompanied by a strong interest in 
faster freezing, and storage at lower temperatures. 
Precise and reliable data are needed on the thermal 
conductivity of materials to be frozen for design of 
equipment and predicting its performance under 
varying conditions, as well as for studying the effects 
on freezing rate of physical factors such as tempera- 
ture, velocity, and properties of the heat transfer 
medium, and shape, size, packaging, initial tempera- 
ture, and structure of the product. 

The work reported here was conducted to obtain 
information on the thermal conductivity of commonly 
frozen meats and associated fats over a range of tem- 
peratures likely to be of interest in food refrigeration. 
Since models made of gelatin gel are frequently used 
in studying the effects of physical factors on cooling 
and freezing rates, measurements were made on gela- 
tin gels of several concentrations. In addition, tests 


“Contribution from the Division of Applied Biology, Na- 
tional Research Council, Ottawa, Canada. Issued as N.R.C. No. 
6281. 
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Table 1. Values of thermal conductivity for meat and fat 
from published reports (values for water and ice ineluded for 
comparison ). 

Conductivity : 
Cal. 
Temp — x 108 
(°C) (em*) (see) (°C/em) 
Material 
Intern. Critical Tables, 1929 
Water 20 1.40 


Jacob and Erk, 1929 


Ice 0 5.35 
10 5.55 
20 5.80 
Hardy and Soderstrom, 1938 
Beef muscle 0.47 
Beef fat cone 0.49 
Awberry and Griffiths, 1933 
Beef low 3.8 
Horse meat, lean (fibers per 
pendicular to heat flow) 30 1.05 
Whale meat (70% water) 18 0.52 


Cherneeva, 1956 
Beef (fat), 74.5% water (fibers 


perpendicular to heat flow) 0 1.14 
—5 2.22 
—10 
~20 
Beef (lean), 78.5% water (fibers 
perpendicular to heat flow) 0 
10 
—20 3.75 
Beef fat, 7% water 0 0.487 
5 0.506 
10 0.542 
—20 0,606 
Pork, 76.8% water (fibers 
perpendicular to heat flow) 0 1.14 
—5 1.83 
10 2.36 
20 3.08 
Pork fat, 3.1% water 0 0.444 
0.542 
—10 0.606 
—20 0,695 
Lapshin, 1954 
Beef fat, 

2.0% water 20 0.222 
15.6% water 20 0.430 
29.5% water 20 0.825 

Lagoni and Merton, 1956 
Butterfat, 

0.3% water, 0.1% air 0.39 
16.9% water, 6.5% air neem 0.47 
14.5% water, 0.1% air aces 0.48 
15.3% water, 10.0% air eese 0.42 

Khatchaturov, 1958 
Fish (average for cod, carp 
bream, pike-perch ) 0 1.03 
—10 2.91 
—20 3.27 
Jason and Long, 1955 
Fish (cod and haddock) 1 1.30 
—10 3.96 
20 4.40 
Smith et al., 1956 
Herring (gutted, tightly 
packed) -19 1.9 
Cod fillets (tightly packed) 19 2.8 
Whale meat, 0.5% fat —12 3.06 


designed to indicate the applicability of the Maxwell- 
Eucken formula (Eucken, 1940; Maxwell, 1904) in 
predicting the thermal conductivity of non-homo- 
geneous food materials were made with gelatin gel 
containing dispersed butterfat. Measurements were 
also made with samples of ice to establish the re- 
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liability of the method of measurement and to provide 
a basis for comparison. 


‘Apparatus and Procedure 


The tests were made in a guarded hot-plate apparatus (Fig. 
1) similar to that specified by the American Society for Test- 
ing Materials for measuring the thermal conductivity of in- 
sulating materials in slab form (ASTM Standards, 1955).” A 
number of changes were made in the standard method to adapt 
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TRANSPARENT PLASTIC SIDES 
RUBBER GASKET & INCH THICK , INCH WIDE 
THERMOCOUPLE LOCATION 


Fig. 1. Sehematie sketch of hot-plate apparatus. Notes: 1) 
Dimensions in this figure are in inches; with this exception, the 
¢.g.8. system is used throughout. 2) The hot-plate apparatus 
was sealed in a tank submerged in a cold bath at the sample 
temperature during tests. 


it for use with meats, fats, and gels at low temperatures. The 
relatively high thermal conductivity of these materials made 
it possible to use insulation (of precisely known thermal con- 
ductivity) on one side of the hot plate instead of a second 
sample, without introducing appreciable error. This simplified 


"In the standard guarded hot-plate method, slabs of the test 
material of equal thickness are placed on each side of a metal 
plate uniformly heated by electricity (the hot plate), and a 
plate maintained at some temperature below the temperature 
of the hot plate by liquid flowing through it (cold plate) is 
placed in contact with the opposite side of each sample. Ther- 
mal eonduetivity is determined by measuring the rate of heat 
flow through the samples for a given difference in temperature 
(at least 22°C for insulating materials) between hot and cold 
plates. Accurate determination requires that the rate of heat 
flow be uniform over the test area of the sample, and in a 
direction normal to the face of the sample. Heat flow through 
the edge of the sample (edge loss) is prevented by the guard 
ring. The guard ring is essentially a separately heated section 
of the hot plate surrounding the central part of the plate, or 
test area, and separated from it by a gap (see Fig. 1). Heat 
flow to the guard ring is adjusted to where there is negligible 
temperature difference across the gap, and hence negligible 
edge loss from the test area. Insulation of the sides and edges 
of the apparatus reduces the effect of fluctuations in ambient 
temperature. 


the preparation of samples. Transparent plastic sides formed 
a leak-proof enclosure of fixed dimensions for the fluid and 
semi-fluid samples, and facilitated inspection of the samples. 
The sample-side cold plate, held in position against the edge of 
the plastic enclosure by clamps, could be readily removed for 
placing samples in the enclosure. The exterior of the hot-plate 
apparatus was not insulated, but errors due to fluetuations in 
ambient temperature were avoided by enclosing the apparatus 
in a container submerged in a bath controlled (+0.1°C) at 
about the temperature of the sample. This also reduced error 
in temperature measurement caused by heat conduction along 
thermocouple leads and prevented frost formation on the 
apparatus during tests at low temperatures. The cold plates 
were maintained uniformly at the required temperature by 
circulating a refrigerated alcohol solution (temperature con- 
trolled within +0.02°C) through them at a relatively high rate. 
Storage batteries provided a stable source of electricity for 
the heaters, the power supplied to the center plate being de- 
termined with an accuracy of +0.5%. 

Temperatures were measured with butt-welded (junction 
only slightly larger than diameter of wire) 36-B&S-gauge cop- 
per-constantan thermocouples (locations shown in Fig. 1) used 
in conjunction with a potentiometer sensitive to 1 «4V. Thermo- 
couples used in baiancing the guard ring heater were dif- 
ferentially connected across the guard ring gap, and wired 
directly to a sensitive galvanometer rather than to a potenti- 
ometer, to obtain a more accurate balance. All thermocouples 
were cemented to the plate surfaces but electrically insulated 
from them, and all external leads were metal-shielded to reduce 
stray electrical pickup. 

U.S.P.-grade powdered gelatin was used in making the gela- 
tin test samples (concentration given in per cent dry gelatin, 
by weight, in the gel). The gelatin gel-butterfat dispersions 
were mixed at 38°C rather than at room temperature so that 
the particles formed would be spherical rather than irregular. 
For the tests on meats, fish, and fats, uniform samples were 
seleeted from fresh first-grade material obtained from local 
retail sources. 

In placing the sample material in the test apparatus, par- 
ticular care was taken to prevent the formation of air spaces 
in the sample or adjacent to plate surfaces, since such spaces 
may cause serious errors. In preparing meat samples, for 
example, the plate surfaces to be in contact with the sample, 
and the pieces of meat used in making the sample, were wetted 
so that any spaces between pieces of sample material or be- 
tween the sample and plate surfaces, would be filled with water 
rather than air. Meat samples prepared for testing heat flow 
perpendicular to the grain were made from strips of meat cut 
parallel to the direction of the fibers, whereas those prepared 
for testing heat flow parallel to the grain were made from 
pieces 2.54 em (1 in.) long, cut across the fibers. In preparing 
samples of fat, plate and sample surfaces were ‘‘ wetted’’ with 
melted fat rather than with water. The direction of the 
structure or grain of the fat was arranged perpendicular to the 
direction of heat flow. Gelatin gel samples were poured while 
warm through an opening in the uppermost plastic side piece. 

Samples were frozen in the hot-plate apparatus itself by 
circulating the alcohol solution through the cold plates at 
—30°C, During freezing, the hot plate was heated so that a 
film of liquid was maintained adjacent to it until both freezing 
and the volume change associated with change of state and 
change in temperature were almost complete. The previously 
mentioned opening in the uppermost plastic side piece (appa- 
ratus supported on edge, as in Fig. 1) allowed sample material 
to be added or removed so that volume changes would not 
eause distortion of the frozen sample, with consequent poor 
contact between sample and plates. Freezing time was about 
the same (2—4 hours) for all samples. 

In the tests made at below-freezing temperatures, a rela- 
tively small temperature difference (2-3°C) was maintained 
between hot and cold plates so as to minimize differences in the 
composition of the sample due to differences in temperature. 
Tests were continued until a steady-state condition was reached 
(1-2 days, depending on the nature of the test), and then 5-10 
sets of readings were taken over 1-2 hr, depending on the 
steadiness of control in the particular test. These readings 


a 
: | 
| 
| 
hy: 4 
= 
| 
\ 
‘ 
es 

4 

f 

Ay 

ve 

ust 


THERMAL CONDUCTIVITY OF MEATS AND FATS 245 


were averaged in ecaleulating results. Preliminary tests with 
samples of ice showed that the apparatus would give results 
reproducible within +1%. 


RESULTS AND DISCUSSION 


Gelatin gels and ice. Fig. 2 presents thermal con- 
ductivities over a range of temperatures for ice and 
for gelatin gels, with and without added sodium 
chloride. The curve for ice gives values slightly 
(about 1%) lower than those of Jacob and Erk (1929; 
curve shown in Fig. 2 for comparison), considered 
(Powell, 1958) to be the most reliable available. The 
curves for different concentrations of gelatin gel 
(without added sodium chloride) are linear and 
parallel to the curve for ice at temperatures below 
—10°C. Sodium chloride lowered the thermal con- 
ductivity of the gel markedly, presumably by re- 
ducing the amount of water frozen at temperatures 
above the eutectic temperature of the solution. The 
eurves for gelatin gel with 1% and 2% added salt 
converge toward the eutectic point. Within the limits 
tested, the thermal conductivity of gelatin gels at tem- 
peratures above 0°C was independent of gelatin con- 
centration and was only slightly higher than the 
values established for water. 

Since the proportion of ice present in gelatin gel at 
a given temperature below the freezing point de- 
creases with increasing gelatin concentration, the 
slope of the curves (for the gels without added salt) 
might be expected to decrease with increasing con- 
centration. A progressive freezing out of ice in the 
sample with decreasing temperature, in amounts in- 
creasing with the initial concentration of the sample, 
could explain the slope of the eurves, but further 
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TEMPERATURE °C 
Fig. 2. Thermal conductivity of gelatin gels and ice in the 
temperature range 10°C to —25°C. (Concentration of gels in 
per cent by weight.) 


work would be required to confirm this. If the vari- 
ation of thermal conductivity with temperature for 
these gels is, for the linear part of the below-freezing 
temperature range, expressed in the usual way: 

K = K, (1+ at) = K, + Kat 


in which: K = thermal conductivity at temperature t 


= thermal conductivity at zero or refer- 
ence temperature 

a = coefficient of variation of thermal con- 

ductivity with temperature, 


then the coefficient ‘‘a’’ increases with increasing gel 
concentration. The product K,a, however, remains 
constant for all concentrations. 

Fig. 3 shows the range of thermal conductivities for 
mixtures of 6% gelatin gel and butterfat with the two 
components arranged in several different ways. Con- 
ductivity is maximum for mixtures composed of 
parallel layers arranged parallel to the direction of 
heat flow. The conductivity of this type of mixture 
ean be calculated simply and rigorously (curve A). 
Conductivity is minimum, in contrast, when the heat 
flows perpendicular to the parallel layers (curve D). 
In this instanee the validity of the calculation de- 
pends on the assumption of negligible contact re- 
sistance between the layers. This assumption was 
experimentally verified by measuring the tempera- 
tures in two adjacent layers in a sample. (There was 
no discontinuity at the interface.) Mixtures com- 
posed of particles of one component dispersed in the 
other have intermediate conductivity, as shown by 
eurves B and C, giving calculated and measured re- 
sults for small spherical particles of butterfat uni- 
formly dispersed in the 6% gel. Comparison of the 
two curves shows that Eucken’s adaptation (1940) of 
Maxwell’s equation (1904) for the resistance (con- 
ductivity) of a heterogeneous substance composed of 
small spheres of one substance dispersed in another 
substance 


Ks.) 
K =k | (1 


1+ (a-1)b 


in which: K = conduetivity of the mixture 
k. = conductivity of the continuous phase 
ka = conductivity of the dispersed phase 
3k, 
a = 
2k, T Ka 
b = 
V. + Va 


Va = volume of dispersed phase 


V.. = volume of continuous phase 


gives results in satisfactory agreement with measured 
results, particularly for low proportions of the dis- 
persed component. Since the ratio of the thermal 
conductivities of butterfat and 6% gelatin gel is 
roughly the same as for the fat and lean portions of 
meat, the curves of Fig. 3 give some indication of the 
variability that might be expected in the thermal con- 
ductivity of meat. 
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PER CENT (BY VOL.) BUTTERFAT IN MIXTURE 

Fig. 3. Thermal conductivity of mixtures of butterfat and 
6c (wt) gelatin gel at 4°C. A) Parallel alternate layers 
parallel to direetion of heat flow (linear relation, caleulated ). 
B) Small spherical particles of butterfat dispersed in 6% (wt) 
gel. Values ealeulated from Maxwell-Eucken equation (Eucken, 
1940). ©) Small spherical particles of butterfat dispersed in 
6% (wt) gel, experimentally determined values: particles 0.01 
0.07 mm in diam for 10% (vol.) sample; particles 0.02-0.20 
mm in diam for 31% (vol.) sample; particles 0.02-2.0 mm in 
diam for 52% (vol.) sample. D) Parallel alternate layers per 
pendicular to direetion of heat flow (calculation based on ex 
perimentally verified assumption of negligible contact re- 
sistance between lasers). Note: Experimentally determined 
values of thermal conduetivity for butterfat (0.42) and 6% 
gel (1.41) used in caleulations for eurves A, B, and D. 


The Maxwell-Eucken equation is sometimes used in 
estimating the thermal conductivity of frozen or par- 
tially frozen materials. Comparison of caleulated 
and experimental values (Table 2) indicates good 
agreement for the 6% and 12% gels, and relatively 
poor agreement for the 20% gel. The calculations 
were based on the following assumptions: 

1) The gels consist of ice and gel of 66% (wt) con- 
centration at temperatures well below freezing (the 
linear part of the curves), as indicated by Haiapton 
and Mennie (1934). 

2) The thermal conductivity of 66% gel at below- 
freezing temperatures can be obtained by projecting 
the curve for water, as in Fig. 2. 

3) lee is the dispersed phase (spherical particles). 

4) The relative volume of ice was caleulated from 
the measured specific volume of the gel, using assump- 
tion 1, above. 


The agreement for the 6% and 12% gels appears 
to be remarkable considering the probable error in 
assumption 1 and the discrepancy between assumption 
3 and fact. Part of the large difference between 
measured and calculated values for the 20% gel may 


Table 2. Comparison of experimental and calculated values 
Cal. 
of thermal conductivity ——— —_—_—_——— X 1@° for gelatin 
(em*) (see) (°C/em ) 
gels (caleulated values based on the Maxwell-Eucken equation). 
Temperature (°C) 
Gel 
-20 


6% Experimental 
Calculated 
Difference (% ) 

12% Experimental 
Calculated 
Difference (% ) 

20% Experimental 
Caleulated 
Diffe-ence (%) 


aoe mon 


+ 


be due to the increasing error in assumption 1 with 
increasing concentration. 
Meats and fats. Fig. 4 shows thermal conductivity 
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SEAL BLUBBER 
BUTTER FaT 


i 
-15 -10 
TEMPERATURE °C 
Fig. 4. Thermal conductivity of different kinds of meat, fish, 
and fat in the temperature range 10°C to —25°C. (Curves for 
ice, water, and 20% (wt) gelatin gel are shown for comparison. ) 


Legend (all pereentages given in terms of weight) : 
Indicates test with heat flow parallel to grain of sample 
1. Indicates test with heat flow perpendicular to grain of 
sumple 
@® Salmon (Gaspe-Salmo salar), 1, 67% water, 12.0% 
fat 
Salmon (British Columbia—Oncorhynchus Tshawy- 
tscha), 1., 73% water, 5.4% fat 
Codfish, t., 83% water, 0.1% fat 
Beef (lean sirloin), ||, 75% water, 0.9% fat 
Beef (lean flank), LL, 74% water, 3.4% fat 
Pork (lean, leg), ||, 72% water, 6.1% fat 
Pork (lean, leg), -, 72% water, 6.1% fat 
Turkey (breast), ||, 74% water, 2.1% fat 
Turkey (breast), 1., 74% water, 2.1% fat 
Turkey (leg, ., 74% water, 3.4% fat 
Butterfat, 0.6% water 
Beef fat (udder fat), 9% water, 89% fat 
Pork fat (exterior), 6.0% water, 93% fat 
Seal blubber, 4.3% water, 95% fat 
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measurements for different kinds of meat (including 
fish and poultry) and fat over a range of tempera- 
tures. Included for comparison are the curves for ice 
and 20% gelatin gel. 

The curves for meat are all linear at temperatures 
below —10°C, and the slopes are equal to or slightly 
greater than the slope for ice and 20% gelatin gel. 
The equation suggested for expressing the effect of 
temperature on gelatin gels of various concentrations 
at temperatures below —10°C could apparently be 
used for most meats with little error. The con- 
ductivity of the sample does not appear to be directly 
related to moisture or fat content. It does, however, 
depend on the direction of the fibers or structure of 
the sample with respect to the direction of heat flow. 
Conduction was 15-30% greater along the fibers than 
across them. This variation, together with the rela- 
tively large differences between kinds of meat, ap- 
pears to restrict the usefulness of the Maxwell-Eucken 
equation in predicting the thermal conductivity of 
meat from limited data. Eucken (1940) concluded 
that calculation of the thermal conductivity of mixed 
solids would seldom merit consideration in practice 
because direct measurement, although complex, is 
simpler than complete calculations for actual condi- 
tions. This conclusion appears justified. 

At temperatures above freezing, the thermal con- 
ductivities of all the meats tested were about equal 
and about 10% below the established value for water. 

The thermal conductivities of three of the four fats 
tested were about equal, and varied little with tem- 
perature. The substantially higher thermal conduc- 
tivity of beef fat at below-freezing temperatures may 
have been due in part to its relatively high water 
content. 
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A Method for Calculating the Temperature Distribution and 


Mass Average Temperature in Conduction-Heated 


Canned Foods During Water Cooling’ 


(Maruscript received May 18, | 960) 


SUMMARY 

It is desirable in cooling retorted canned foods to achieve a 
mass average temperature between 90 and 110°F. This pre- 
vents can rusting and thermophilic spoilage. A method is de- 
seribed for ealeulating the temperature distribution eurve and 
mass average temperature after a given cooling time has 
elapsed. Caleulated and experimental results agreed satisfae- 
torily. Under certain circumstances, the proposed method 
appears simpler to apply than existing methods. 


Ix THE COOLING of processed 
canned foods, it is usually considered desirable to cool 
the contents so that the mass average temperature is 
greater than 90°F but less than 110°F. At tempera- 
tures below 110°F thermophiles, which usually are not 
destroyed in processing, will not grow, and at tem- 
peratures above 90°F the surface of the can dries 
rapidly enough to prevent rusting. 

The mass average temperature is of significance 
because this is approximately the temperature that 
the can contents assume shortly after water cooling 
stops. The mass average temperature then slowly de- 
creases. The rate is slow enough to permit the possible 
development of thermophiles if the mass average tem- 
perature at the end of water cooling is initially too 
high, or to permit the rusting of cans if it is too low. 

The temperature distribution during cooling may 
also be of interest in the evaluation of thermal 
processes. Herein is described a method of caleulating 
the temperature distribution and mass average tem- 
perature in cans at the end of retort cooling. 

In this study, materials that heat by conduction are 
considered. The problem of calculating the tempera- 
ture distribution during heating has been considered 
by several workers, e.g., Gurney and Lurie, 1923; Me- 
Adams, 1942; Olson and Schultz, 1942; Sehmidt, 
1924. 

In these cases the initial temperature distribution 
is considered uniform. In considering cooling, how- 
ever, the initial temperature distribution is frequently 
non-uniform. If it were uniform, it would be possible 
to apply one of the previously cited methods for ealeu- 
lating the temperature distribution at the end of 
cooling. 


*Contribution Number 388 from the Department of Food 
Technology, Massachusetts Institute of Technology, Cambridge, 


Mass. 


Stanley Charm 
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Carslaw and Jaeger (1959) suggested a method that 
is applicable to the calculation of cooling times for 
an initial non-uniform temperature distribution. This 
solution, however, depends on the converging of a 
series, which is cumbersome to use under certain 
conditions, 

Approximation methods have been suggested for 
calculating the temperature distribution in slabs that 
have, initially, a non-uniform temperature distribu- 
tion (Schmidt, 1924). By applying similar tech- 
niques, it is possible to develop a method for caleu- 
lating the temperature distribution and mass average 
temperature in a water-cooled can. 

Consider a can, insulated at top and bottom by 
other cans, in a retort. All the heat transfer takes 
place through the curved surface. The mass average 
temperature of such a can would be the greatest of 
any can in the retort, and would, therefore, represent 
the can that would have the best temperature condi- 
tions for the development of thermophiles. 

Although in normal situations no such container 
may exist in the retort, from the standpoint of calcu- 
lation a container insulated at top and bottom by 
other cans suggests an extreme condition that would 
present favorable conditions for thermophilic spoil- 
age, of all the cans in the retort. 

Therefore, it is suggested that if the mass average 
temperature of this container were low enough to pre- 
clude thermophilic activity, all other cans may also 
be considered safe from this type of spoilage. 

It is possible to calculate the temperature distribu- 
tion at the end of heating by employing the dimen- 
sionless heating curves (Fig. 1) developed by Gurney 
and Lurie (1923). Use of these curves is illustrated 
in example 1: 


Example 1 


Determine the temperature distribution in 303 x 406 can of 
pea puree after heating 55 min. at 241°F in a retort. The 
initial temperature of the pea puree is 77°F, and the retort 
come-up time is negligible. 


Additional Information 
(sq ft) 
(hr) 
in which K = thermal conductivity, p = density, Cp = specific 
heat. 
The thermal diffusivity is essentially constant for any ma- 


Thermal diffusivity = a = 6.89 x 10° 
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FREEZE DRYING. 


The increasingly vital role of freeze drying in 
the preservation and concentration of critical 
substances demands better engineered, more 
versatile apparatus. Now Amsco Del-Vac Freeze 
Dry Apparatus fulfills this need within labora- 
tories, pilot plants and production facilities. 
Significantly finer performance and versatility 
of Amsco Del-Vac Freeze Drying equipment 
permit the direct transfer of process data from 
laboratory or pilot models to large scale 
production models . . . without intermediate 
stages of pilot operation. 
Whatever your freeze dry needs . . . whether 
you require heated, refrigerated process shelves; 
hydraulic stoppering shelves; a powerful, 
built-in 5 to 10 micron vaccum pump; or fully 
automatic controls .. . Amsco Del-Vac has y 
an appropriate model. y 
Write for fully illustrated brochure IC-606. / 
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Cellophane is the only packaging film that 
provides maximum protection for all of the 
products shown here, and hundreds more. 
For cellophane is not merely a single film, 
but a family of films. 


There are many types of Avisco cellophane— 
each one tailored to meet a specific product 
requirement. For example, bananas require a 
packaging material that breathes; bacon and 
sweet doughs need a film that resists grease; 
cereal requires moisture-proof protection; 
coffee requires maximum flavor and aroma 
retention. There are types of Avisco cello- 
phane for all these purposes and many others. 


What’s more, only cellophane offers the com- 
bination of low initial cost, pure transparency 
and sparkle, superb printability, and un- 
matched performance on packaging machines. 
The result? Total packaging economy. 


Get all of these benefits in packaging your 
product. Contact us for an appointment with 
our representative in your area or a selected 
cellophane converter specializing in your field. 


Specify “AVISCO” when you order printed 
and/or fabricated cellophane from converters. 


AMERICAN VISCOSE CORPORATION, FILM DIVISION, 
1617 PENNSYLVANIA BOULEVARD, PHILADELPHIA 3, PA. 
SALES OFFICES ALSO LUCATED IN ATLANTA, BOSTON, 
CHICAGO, DALLAS, LOS ANGELES AND NEW YORK. 
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TEMPERATURE DISTRIBUTION IN CONDUCTION-HEATED CANNED FOODS 


terial. It may be determined experimentally by noting the slope 
of the heating curve under any conditions and applying the 
following equations: 


if heating occurred in cylinder with ends insulated, 


rm (.398) sq in. 
f min. 


if heating oeeurred in cylinder with ends exposed, 


K sq in. 

( 1 ) min. 

—— f 


in which rm = radius of eylinder, L = length of cylinder, f 
reciprocal slope of asymptote of heating curve (Olson and 
Schultz, 1942). Care should be exercised to maintain a constant 
system of units. 


Solution: 
Tm 1.59 in. = 0.132 ft 
8 = 55 min. = 0.916 hr 
K9 6.98 10° (.916) 
= = ,359 (See Fig. 1) 
pCp re” 1.755 = 
Consider the radius of the cylinder divided into 6 equal 
parts, forming 6 annular cylinders of equal thickness (see Fig. 
2). 
Tm 
The thickness is AR 0.22 ft. If distances are con 
6 
sidered measured from the center, then the annular cylinders 
have the following radii: 
At can surface, ro Tm 132 ft 
ri = (rm— AR) = .110 ft 
(tm—24R) = .088 ft 
r (rm-34R) = .066 ft 
= (rm—-44R 044 ft 
(Tm-5AR ) 022 ft 
(rm—64R ) 0 


fs = 


r 
- and locates the position in 
I'm 


In Fig. 1, the parameter n 


the container. Since the ean is insulated on both ends, it be 
haves as an infinite cylinder, and length of the container does 
not influence heat transfer. 

The values of ‘‘n’’ for the various points under consider 
ation in the can are: 


Postion r 

1325 ft 
-110 ft 
O88 ft 
ft 
044 ft 
022 ft 
0 


For these values of ‘‘n’’ and the value of 0.359 for ‘‘X’’ 
previously determined, it is possible to determine a value for 
‘*Y’?’ that is related to the point temperature (see Fig. 1). 


in which t temperature at time ®, t, ambient temperature, 
t» = initial temperature. 
In Fig. 1, m —— 

in which K thermal conductivity and h = heat transfer co 
efficient at surface of container. 

Since the ‘‘h’’ for steam will be on the order of 1000 (BTU, 
(hr) (sq ft) (°F) the value of ‘‘m’’ may be considered to be 0. 


Fig. 1. Gurney-Lurie chart for infinite cylinder. 


The values of ‘‘Y’’ and temperatures corresponding to the 
various values of ‘‘n’’ are: 


Position 


Nun 9 


A plot of the final temperature distribution after heating 
appears in Fig. 3. 

A point .118 ft from the center was found to check experi- 
mentally with the value predicted for that position in Fig. 3. 


Center line 


Fig. 2. Container divided into concentric cylinders. 
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Fig. 3. Calculated temperature distribution in container 
after heating. 


Equations for Determining Temperature Distribution in Cooling 


Consider the longitudinal seetion of the divided eylinder in 
Fig. 2 (see Fig. 4). The temperature distribution through any 
annulus is assumed to be a straight line. It is this assumption 
that governs the division of the container. The slope of the line 
may vary with different annuli. In Fig. 4, consider a section 
with r, the center and a thickness of AR on either side of mr. 
A heat balance around this section, as shown in Fig 4, in an 
interval of time, A9, may be expressed as follows: 

(Rate of heat transfer in)—(rate of heat transfer out) 

(rate of heat accumulation in seetion [1] 


The heat accumulated in the section raises or lowers the 
In cooling, the heat accumulated is 
negative and the temperature of the mass will be decreased. 


temperature of the mass. 


Equation (1) may be expressed mathematically as follows: 
WAR) (te — ti) K SOAR) (ti — te) K 
SR AR 
AR) (pCp) (tr’ — ti) 


2rL (rm (rm 


2rL (rm 


in whieh AO interval of time, to, ti, te temperature at posi- 

tions ro, hm, fe, respectively, at beginning of interval of time, A®, 

t,, = temperature at position m, at end of interval of time, A9. 
Equation (2) may be simplified as follows: 


ty ti + 
& WAR) (te — ti) — (rm — AR) (ty 
AR? (rm — SR Cp 
[3 


Considering a similar heat balance around a similar section 
of which re is the radius, the following equation may be 
determined : 


te te? 
[“ SOAR) (th te) (Tm IOAR) (te KAO ] 
AR? — 24R) pCp 
[4] 
Smilarly, the respective equations for ts, ts, and ts are: 
ts = ta + 
SOAR) (te — ta) (rm — 744R) (ts KAO 
AR? (rm — 34R) pCp 
[5] 
ts t+ 
[ ta) — (rm — %AR) (te ] 
AR*(rm — 44R) pCp 
[6] 
ts’ = ts 


%AR) (ts — ts) — (rm — USAR) (ts — 
AR? (rm — 54R) pCp 


[7] 


The equation for the center temperature, in this ease ts’, has 
a somewhat different form because the mass is in the form of a 
solid eylinder rather than an annular cylinder. 


Also, the heat 
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is either being transferred in or out of the section but not both, 
— aus in the other eases. 
The equation for te’ is: 
240 AFTER HEATING AR 
— (L) (ts— te) -( = ) LCpp(te’ —te) 
230 AR A9 
| 
5 S mplfying, equation (8) became: 
220 | te’ t 4(ts te) KAO 
Experimental | (AR)? pCp 
The equation for to” may be determined by considering a 
heat balance about a section that is %4AR thick and the outer 
surface of which is the surface of the container. This in effect 


means that the position 0 is 4 AR from the container wall. The 
heat balance resolves into equation (10): 


te =te + 


h(rm) (ts — to) — K( rm 


YAR) (t 2 ] 
AR pCp tm — %AR 


[10] 


in which h heat transfer coeffic ent at surface. 
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0.5 101520 30 40 30 20151050 
Fig. 4. Heat balance on section in container. 


The heat transfer coefficient for water cooling is difficult to 
evaluate. Since the surface rapidly assumes the cooling water 
temperature, equation 10 is approximated by the following 
procedure : 

a) At the end of the Ist interval of time, assume 

tette 
t 


b) At the end of the 2nd interval of time and thereafter, 
assume te = cooling water temperature. 
This procedure was recommended by Sehmidt (1924) in 

applying similar methods to slabs. 

For cooling periods greater than 5 minutes, a time interval 
of one minute appears convenient. Dividing the container into 
6 sections appears satisfactory. In considering very short coo! 
ing times, more divisions might be necessary for sufficient 
accuracy. 

An illustration of how the temperature distribution curve at 
the end of cooling may be calculated is given in example 2. 


Example 2 

For the ean of pea puree heated in example 1, determine the 
temperature distribution after cooling for 20 min. in cooling 
water at 77°F. 
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The final temperature distribution at the end of heating 
becomes the initial temperature distribution of the cooling 


process, Expe ental 
In employing equations 3 to 9, many terms repeat them- iculated 
selves, and it is convenient to evaluate these terms separately, | 
as follows: 
= 1 min. = .0167 hr 
t. = 77°F ‘ 
AR = .022 ft \\ 
K 6.89 10° [ sq ft | 50} 
> | 
KAO 


AR* = 4.84 10“ 
Section (1) AR® (rm AR) 10° 


D.37 
Section (2) AR*® (rm — 24R 4.29 x 10~ Fig. 5. Calculated vs. experimental temperatures during 


Section (3) AR? (rm — 34R) = 3.22 x 10° cooling 
Section (4) AR® (rm 4AR) 5 


2.15 x 10° 
Section (5) AR® (rm — 54R) .06 X 10 


method may be applied to conditions where a non-uniform tem 


(tm — %AR) = .1215 perature distribution exists. There are certain situations when 
(tm — 34AR) = .0995 this method may be more convenient to apply than the approxi- 
(rm — %4AR) = .0775 mation method described previously, and the equation deseribed 
(rm — %AR 0555 by Carslaw and Jaeger has been discussed by Ball and Olson 
(rm — %AR 0335 1957). The point temperature may be calculated from 

(rm — 4AR) = .0115 T-T 2 


At zero time the temperature distribution is that ealoulated oo rn 
for the end of heating (see Table 1) r (x K@ P 

At the end of the first interval of time, the temperature dis Rs | ) t j r 
tribution is determined with equations 3 through 9, keeping in 
mind the special procedure for te’. 

For the 2nd interval of time, the temperatures at the end — ss [19] 

r , I 
of the first interval serve as the initial temperatures, and in which T, ambient temperature, T temperature at r at 
equations 3 to 9 are employed. This procedure is continued time 9, J, symbol of Bessel function of first kind of order, 
until the end of the cooling period (see Table 1). Rn nth root of Bessel function of first kind of zero order, 

The cooling curves caleulated were checked experimentally f(r) initial temperature distribution throughout container. 
at the center and at a point 0.118 ft from the center (see Fig. When temperature is uniform, f(r - 

5). The experimental and calculated curves agree satisfactorily 
after 5 minutes of cooling. The point near the surface shows Example 3 
poor agreement initially because of the rapidly changing slope In order to illustrate the employment of equation 19, con 
of the temperature distribution curve in this area. A more sider the problem of calculating the center-line temperature 
accurate curve could have been established by assuming smaller in the can deseribed in Example 2 after 20 minutes of cooling. 
intervals of time and smaller cylinder divisions. r 

: r r-77 rfir) Joi R rf(r)J,{ R, 

It is interesting to note that the rise in temperature experi [: =| ( rm 
mentally observed in certain parts of the container during 0.132" ri 0 , 1 A 
cooling, is predicted by this method. 0.110" 233 156 7.2 0,29 wil 

0.088" 222 145 12.78 0.45 5.75 
Carslaw and Jaeger’s Solutions for Temperature Distribution 066" 216.8 139.8 994 0.67 6.22 
in an Infinite Cylinder 044’ 212.8 135.8 5.95 0.84 5.00 

Carslaw and Jaeger (1959) described an equation for caleu 022’ 210.5 133.5 2.94 0.96 2.82 

ating the point temperature as a function of position. The 0 210.0 133.0 0 1 0 


Table 1. Calculated temperature distribution (°F) during cooling at various time intervals 


x 


0 241 233 216.8 212.8 210 210.0 235.7 
1/60 159 232.7 ‘ 217.4 213.6 21 210.5 207.0 
2/60 77 211.6 224.9 218.4 214 212.0 211.3 165.0 
3/60 77 20 220.0 2 215.1 21 ) 212.0 160.0 
4/60 77 173.9 213.9 6 215.9 213.6 213 141 
5/60 77 151.9 211.6 217.8 216.9 214.4 213.6 120.5 
6/60 77 145.3 197.3 216.2 216.7 215.2 214.4 122 
7/60 77 138.6 187.4 211.1 216.3 215.6 215.2 117.5 
8/60 77 132.9 179.5 205.5 214.6 215.8 215.¢ 114 
9/60 77 128.2 171.9 200.6 212.5 215.3 215.8 lil 
10/60 77 124.1 166.4 195.0 209.5 214.3 215 108 
11/60 77 116.1 163.7 189.9 206.0 212.7 214 103 
12/60 77 116.1 156.4 185.9 202.4 210.5 212.8 103 
13/60 77 114.5 151.7 181.0 198.9 208 10. 102 
14/60 77 112.4 147.9 176.4 196.1 20 208.7 100 
15/60 77 110.7 145.9 171.7 193.4 202.4 205.5 oY 
16/60 77 109.4 144.6 168.9 187.5 201.9 202.5 98 
17/60 77 108.5 140.3 165.8 184.6 196.7 201.9 98 
18/60 77 107.1 137.1 162.5 181.2 193.0 196.9 97 
19/60 77 106.1 134.4 159.2 177.8 189.2 193.2 96 
20/60 77 104.5 132.0 156.0 174.2 185 ¢€ 189 95 


at to + to) (.66). 
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| 
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The integral is equal to 0.53. 
For n 


For n 
lar manner, is —0.0275. 


For n 


The series converges rapidly in this case, and 


” 


C132)" 


T = 181°F. 


[+.92 


This ealeulated center-line temperature compares favorably 


tm L 


in which Vw-» 
ri, te mass average in the container, rra°L 


= 1, the first term of the series is equal to +0.92. 


2, the second term of the series, evaluated in a simi- 


3, the third term of the series is 11.9 x 10°. 


0.0275 + .00119] 


1 | to-» + Va-2 ta-» + Viz-» + Va-» ta-» + Va-» tu-» + | 
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with experimental results. 

In this ease, the series converges rapidly enough to be praec- 
tical. If this method were applied to a shorter cooling period, 
e.g., 5 or 10 min., the series would not converge rapidly, and 
many more terms in the series would have to be evaluated. 

In general, the Carslaw-Jaeger solution appears to be more 
convenient for long cooling periods, whereas the approximation 
method is more convenient for shorter cooling periods. 


Determination of Mass Average Temperature at the End of 
Heating 

The mass average temperature of the container may be 
described mathematically as follows: 


(11) 


the volume in the section between ro and m, tw-» = the mass average temperature in the section between r and 


the volume of container. 


The temperature distribution in any section was originally assumed to be a straight line. Therefore, the temperature distribu- 
tion in the section between ro and r; may be expressed by equation 12: 
t—t 

[12] 


(Tm r) + te 
AR 


- may be developed as follows: 


1 
The equation for determining [tw-» Vo-»] 


Vw-» to-v u( 


ra — 


t 


Similarly for the other sections: 


Va-» tu-» 


L 


(re AR)? (Te 


V ta-» 


L 


= 9 [ (ra — 24R)*— (re 


te 


[ (tm — 34R)?— (re 


ta» 


L, 


[ (te — 44R)*— (re 


tu-o 


L 


Using the values cited in Example 2, equations 13 through 
18 are evaluated as follows: 
Ve-» te-» 


L 
Va-» ta-» 
Va» ti-s 
L 


Tm 


— AR 


— | — (ta —A R)*) 


3 AR)*— (rm — 24R)*] [14] 
~24R)* — (rm — 34R)*] [15] 


— 34R)*— (ra — 44R)*) [16] 


~ 44R)*— (ra — 5AR)*} [17] 


[18] 


tu-» 


L 


= 817 


Yes tee = 317 


Using equation 11: 
7.07 


= 128°F 
5.53 x 

Thus, the mass average temperature of the container cited 
in Example 2 would be 128°F after cooling for 20 minutes. 
Experimentally this was found to be 125°F. 
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Observations on Green’ Tuna 


(Manuscript received November 14, 1960) 


SUMMARY 

Some of the physical and chemical properties of normal 
and off-colored fish were compared in a shipment of tuna 
with a high percentage of fish that were not acceptable 
after being cooked. The “green” fish tended to have darker 
kidney suspensions, less total heme pigments, more ferri- as 
compared to ferroheme pigment, and higher peroxide con- 
tent in the lipids. Differences in pH, total reducing sub- 
stances, sulfhydryl content, total fat and TBA values were 
insignificant. The ranges of all of these measurements 
from fish to fish were so great as to invalidate their use 
as a test for greening. 


Ay PREPARING tuna for canning, 
the eviscerated but otherwise whole fish are subjected 
to 3-6 hours at 215-225°F (102-107°C), allowed to 
cool, and trimmed to separate the loins from the 
heads, skin, red meat, and bones. Optimal color for 
the loins at this stage is a pink similar to that in 
canned tuna. Occasionally, however, the flesh instead 
is a tan to tannish-green. This phenomenon is known 
to the trade as ‘‘greening.’’ The ‘‘green’’ fish, un- 
suitable for canning, are discarded. The pink has 
been shown to be due to a hemochrome derived from 
the myoglobin in the loin (Brown and Tappel, 1957), 
and the ‘‘green’’ is mostly hemichrome (Brown et al., 
1958 ; Naughton et al., 1958). 
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If the tendency toward greening could be detected 
in raw fish, the waste of unnecessary handling could 
be avoided. Attempts to develop such a test have 
failed so far. Hirao et al. (1958a) analyzed green and 
normal tuna muscle and kidney tissue for a number 
of constituents, including B vitamins, Ca, P, and Fe, 
but found no usable correlation. They noted, how- 
ever, that suspensions of kidney tissue from fish that 
later turned ‘‘green’’ were darker than those from 
fish that did not. They suggested that this difference 
could be used to distinguish ‘‘green’’ from normal 
tuna (Hirao et al., 1958¢c). These differences they 
illustrated with a color plate (opposite page 680; 
Hirao et al., 1958c). 

During the late spring and summer of 1959, several 
shiploads of tuna showing an unusually high inei- 
denee of ‘‘green’’ fish were delivered to California 
canning plants. Samples were made available to this 
laboratory by F. E. Booth Co. The relation of kidney 
color to ‘‘greening’’ was studied, and several other 
analytical procedures were applied to the fish. No 
usable test was developed, but the observations are of 
interest. 


EXPERIMENTAL 


Samples. The fish used in this experiment were yellowfin 
tuna (Neothunnus macropterus) that the fishing company re 
ported had been caught in the Atlantic Ocean off the coast of 
Africa about six weeks previously. They weighed about 80-100 
Ib (35-45 kg). The gills and viscera (except kidneys) had 
been removed, and the fish had been frozen in an air blast and 
held hard-frozen until delivery. In preparation for canning 
they had been allowed to thaw overnight in the cannery at the 
time our samples were taken. 

Fish were selected at random and tagged. Kidney tissue 
(15-20 g) and tail portions (10-30 lb, 4.5-14 kg) were re- 
moved and transported to the laboratory, where the tail por- 
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tions were held frozen until needed. The rest of each fish was 
given normal cooking in the cannery, and cooled overnight. 
The next morning the fish were trimmed and graded for 
‘“greenness’’ by qualified cannery personnel. The best fish 
were graded 1, and the worst, 6. Personnel from this labora- 
tory were present at judging. Grades 5 and 6 were sufficiently 
off-color to be rejected for eanning. Grades 1 and 2 were 
closest to the pink color considered normal, and grades 3 and 
4 were intermediate between pink and green. 

Kidney tissue. Ten g of kidney, weighed into a 100-ml beaker, 
with 40 ml of water, was stirred with a glass rod until the 
mixture was homogeneous (this pulpy tissue is readily disinte- 
grated). The mixture was transferred to a 125-ml flask and 
graded for appearance. The seale was similar to that of Hirao 
et al. (1958¢), but the numerical values were reversed: 1, red; 
2, slightly reddish-brown; 3, reddish-brown; and 4, 5, and 6, 


increasingly dark to black. The graded suspensions were 


elarified by centrifugation for 10 minutes (4°C) at 12,000 G, 
and the supernatant extract was examined for visible absorp- 
tion speetrum (Cary recording spectrophotometer, Model 11), 
pH (Leeds and Northrup, glass electrode) and apparent sulf- 
hydryl eontent. The last was estimated by amperometric 
titration with silver nitrate according to the method of Benesch 
et al, (1955) with the modification that the titration mixture 
and cell were swept with oxygen-free nitrogen for 5 minutes 
before and during titration (Brown et al., 1961). 

Tuna loin extract. Thin slices of tuna meat were cut from 
partially thawed loins. Red meat was avoided. A 20-g sample 
was extracted with 20 ml of a solution of 0.001M EDTA. This 
mixture was brought to pH 7.2 by cautious addition of 2N 
sodium hydroxide, stirred with a glass rod to disperse the 
pieces, and allowed to stand 20-30 minutes at about 10°C, It 
was then poured into a gauze pad (4 layers) in a potato ricer 
and squeezed to remove the extract. The tissue residue was 
returned to the beaker and re-extracted with a second 20-ml 
portion of solvent. To the combined extract was added 0.4 ml 
of a 100% suspension of levigated alumina in distilled water. 
The mixture was centrifuged for 10 minutes (4°C) at 12,000 G. 
This clarified extract was used for determining visible absorp- 
tion spectrum, sulfhydryl content (by the method deseribed), 
and also the following: 

Solubles. A 2-ml aliquot of the aqueous extract was dried 
for 18 hours at 70°C in a cireulating air oven. 

Volatile base. Into the outer well of a 2-in. plastic Conway 
diffusion cell was pipetted 1 ml of a 30% sodium hydroxide 
solution, and into the inner well was pipetted 4 ml of a boric 
acid solution containing a mixed indicator (2.5 ml of 0.1% 
methyl red and 8 ml of 0.1% bromocresol green per liter of 
2% borie acid solution). Two ml of the aqueous extract was 
pipetted into the side of the outer well opposite to the alkali. 
The lid was placed on the rim (lightly eoated with vacuum 
grease) and the whole cell was placed in a 50°C oven and 
allowed to equilibrate for about 20 minutes. The lid was re- 
sealed, and the sample was mixed with the alkali by tipping 
the cell in a cireular pattern, After 18 hours the cell was re- 
moved from the oven and eooled, and the lid removed. The 
contents of the center well were titrated with 0.02N sulfuric 
acid, 

Orcinol-reducing substances (pentose sugars). A 1.5-ml por 
tion of the diluted extract (1: 100) was used for erude de- 
termination of pentoses, with oreinol as the colorimetric agent 
(Ashwell, 1957). The standard curve was based on ribose. 

Fat extraction. Fat was extracted from the tuna loin samples 
with chloroform-methanol according to the method of Bligh 


Table 2. Tuna loin musele analyses. 


Grade of Volatile base 
cooked flesh No. fish pH (mM/100 g) 


1-2 5.8(5.7-5.9) 5.6(4.5-8.1) 
3 11 5.8(5.7-6.1) 4.9(2.6—6.7) 
4 9 5.9(5.8-6.2) 4.7 (2.86.3) 
5 9 6.0(5.7-—6.3) 4.4(2.4-6.8) 
6 6 6.1(5.9-6.6) 3.9(2.2—5.7) 


* Figures in parentheses are ranges. 
Based on ribose 
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Table 1. Comparison of grade of kidney suspension to that 
of tuna loin. 


Kidney 

grade* No. of fish Tuna loin grade” Av. 
1 9 1, 2, 2, 3, 3, 3, 4, 5, 6 3.2 
2 9 1, 2, 2, 3, 3, 4, 4, 5, 6 3.3 
3 5 2, 3,3, 4, 4 3.2 
4 8 1, 3, 4, 4, 4, 5, 5, 6 4.0 
5 9 2, 2, 3, 3, 5, 5, 5, 6, 6 4.1 
6 5 3, 3, 5, 6 44 


* 1, light red, to 6, black. See text. 
© 1, pink, to 6, tannish-green. See text. 


and Dyer (1959). The 50-g samples used were taken from well 
within the loin, i.e., at least 1 in. from the surface. Aliquots 
of the extract were evaporated in a stream of nitrogen for 
determination of yield, and other portions were taken for 
peroxide value (Dam and Granados, 1945). 

Thiobarbituric acid assay. TBA values were determined on 
5 g of minced flesh from the loin samples (Yu and Sinnhuber, 
1957). 


RESULTS 


The grades of the cooked tuna and of the kidney suspensions 
(Table 1) show a trend for the ‘‘ greener’’ fish to have darker 
kidney suspension, but use of this test to classify fish would 
lead to very large errors, at least as judged by the fish obtained 
in this work. On the basis of kidney grade (even ignoring the 
intermediate grade of 4) there would have been 15% error 
(4 of 23) in ealling bad fish good, and a 36% error (5 of 14) 
in calling good fish bad. 

A number of additional analytical data are presented in 
Tables 2, 3, and 4, as averages for each grade of cooked tuna 
loin. Without exception the variations from fish to fish within 
grade are so great as to preclude the use of any of these 
analytical methods as a test for ‘‘greening.’’ Some of the 
trends, however, may be useful in suggesting possible causes 
for greening. 

The pH differences are small, but appear to be slightly 
higher in fish that tend to green. These might be interpreted 
as indicating the beginning of microbiological action. The 
volatile bases, in contrast, have the opposite tendency, e.g., to 
be somewhat lower in green fish. The data therefore cannot 
be interpreted in terms of spoilage. 

The data on orcinol-redueing substances show no trends, and 
the suggestion of a trend in sulfhydryl content, that is, less 
—SH in the greener fish, is too small to be significant in view 
of the wide spread of the results. The total-apparent —SH in 
the kidney tissue extracts (not shown) was of similar wide 
range (0.0-7.3mM/100 g) and showed a trend in the opposite 
direction (average 1.5mM in grades 1-4, average 3.1mM in 
grades 5-6). 

Table 3 contains a condensation of the absorption spectra 
data obtained on both the loin extracts and the kidney extracts. 
These data suggest that total heme pigment is less in the green 
fish and that the pigment that is present is more likely to be 
in the oxidized or met-state. Again, however, the spread among 
the fish was too great for its use as a method of grading. 

Kidney extract spectra showed a peak at 542 my, compared 
to 538 mu for the loin. This suggests that different heme 
pigments are present. The pigment of tuna loin is practically 
all myoglobin (unpublished), but tuna kidney may contain 
appreciable amounts of hemoglobin. 


Reducing Water- Apparent 
substances” solubles sulfhydry! 
(mM/100 g) (g¢/100 g) (mM/100 g) 


1.8(1.1-2.9) 10.2(5.1—14.7) 4.1(1.7-7.2 
1.5(0.9-1.9) 11.1(8.4—14.4) 4.1(1.3-7.8) 
1.3(0.9-1.7) 10.8(7.5—17.4) 4.2(1.9-8.9) 
1.4(1.1-—2.3) 9.0(7.5—11.1) 3.1(1.2—5.3) 

3.2(1.6—-5.7) 


1.3(0.1-2.2) 8.4(5.7-10.5) 
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vacuum dehydrated foods mean new 
opportunities, new profits for you 


Now, continuous vacuum drying makes pos- 
sible better dehydrated products. They are 
instantly soluble even in cold water, and their 
original fresh qualities are preserved in this 
rapid, critically controlled temperature, vacuum 
process. Vacuum dried products are lighter in 
weight and do not require refrigeration. They 
can be packaged immediately after drying 
in glass jars, metal cans, or flexible packets. 
Now is the time for you to consider con- 
tinuous vacuum drying. We will be happy to 
investigate the application of this process to 
your product lines. Our “Pilot Plant”’ facilities 
will provide you with practical information to 
accurately predict their commercial potential- 
ity. Write today. Girdler Process Equipment 
Division, Chemetron Corporation, Louisville 1, 
Kentucky. 


WE ARE PROUD TO ANNOUNCE that we have obtained exclusive world rights to manufacture and 
market this continuous vacuum dehydrator from the Chain Belt 
Company of Milwaukee, Wisconsin. These units are today in 
use producing instant coffee, tea, orange and grapefruit juice, 
banana products and others. Write today for complete inform- 
ation on the VOTATOR Continuous Vacuum Dryer. 
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li ] Processors of frozen fruit pies find that a little Hercules Cellulose 
au 1 © Gum, purified CMC, in the fillings makes a big difference. Hercules 

Cellulose Gum is used in these items, such as this cherry pie, because 
CImnC it makes it easier to control viscosity and gives the pies freeze-thaw 


stability. At the same time, cellulose gum combined with the starch 
thickens juices to the proper consistency for han- 
dling and eating; prevents floating or settling of the 
fruit; and contributes to more desirable gel texture. 
The filling will be clearer and brighter and show the 
fruit to best advantage. 


makes a 


For better frozen pies and constant formulations 
next time try a little cellulose gum. It makes a big 


FROZEN 


CHERRY PIE 


difference. 


For details write to Hercules. 


difference 


Hercules’ Cellulose Gum HERCULES POWDER COMPANY 
veei-2 Hercules Tower, 910 Market Street, Wilmington 99, Delaware 
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Table 3. Absorption spectra of tuna loin and kidney." 


Loins Kidney 


Total 
Tuna loin heme 538 mu 
grades pigment” 538 mae 500 ma4 


Absorbancy 542 mu 
542 mu‘ 500 


1.11(3) 1.78(4) 
1.06(6) 1.63(6) 0.94(6) 
1.01(6) 1.49(5) 0.85(5) 
0.77(3) 1.31(38) 


O.9R (4) 


0.89(2) 1.31(2) 0.82(2) 


Figures in parentheses are number of fish 

» Absorbancy at 568 mu of CO-treated and dithionite-reduced 
* A crude measure of the oxymyoglobin content (see text) 

A measure of the ratio of oxymyoglobin to metmyoglobin 


In the lipid analyses (Table 4 
with total amount of lipid or TBA values but there tended to 


no trends were observable 


be more peroxides in the greener fish. Peroxides in the tissues 
could account for a subsequent oxidation of myog!obin to 


Table 4. Lipid analyses of tuna loins. 


Total lipid 
(% 


(trade No.of fish o) Peroxides* TBA value” 


0.49 (0.40—0.60) 5 (3-11) 33-89) 


0.5 (0.37—0.81 5 15-104) 
0.38 (0.34—0.42 ) 5 (9-23 50 (33-150) 
0.43 (0.30—0.58) 3 56(2 116) 


4 0.47 (0.37—0.68 ) 25(8 3(32—-62) 


* Millequivalents of peroxide per kg lipid 
» Absorbancy at 535 mu 100 divided by per cent lipids 


green decomposition products. Naughton ef al. (1958) ob 
served some slight correlation between peroxide content and 
greening. 


DISCUSSION 


Hirao et al. (1958¢e) suggested that green fish could 
be easily distinguished from normal ones by the color 
of aqueous suspensions of kidney tissue. Our results 
show a general correspondence of kidney suspension 
color with cooked fish color, but too highly variable 
for use in grading. 

The ‘‘greening’’ process appears to involve an oxi- 
dation of the normal hemochrome pigments to hemi- 
chromes (Brown eft al., 1958; Naughton ef al., 1958). 
It would be expected that the inherent reducing ea- 
pacity of fish flesh would be one factor of importance 
in such eases. Some of the results with the loin ex- 
tracts can be interpreted in this light. The higher 
percentage of oxidized (met)myoglobin in the poorer 
loins might be anticipated on this basis, as might the 
lower concentrations of sulfhydryl and reducing sub- 
stances. The lower amounts of extractable pigment 
in the poorer fish might be due to the fact that some 
of the pigment proteins have been oxidized to the 
point of cleavage of the porphyrin ring, with conse- 
quent loss of red color. It might also be due to de- 
naturation and resulting loss of solubility of these 
proteins. The latter circumstance could also explain 


the lower quantities of total extractable solubles from 
the poorer loins. 

In general the peroxide value was higher for fat 
from the green-susceptible loins. This is in agreement 
with the apparent oxidative mechanism responsible 
for greening, since the peroxides could participate by 
oxidizing heme proteins. However, oxidation of the 
heme proteins could occur by mechanisms other than 
direct attack by lipid peroxides. 

The results support the hypothesis that greening is 
an oxidative process. They afford information not 
previously available about raw flesh in green-suscepti- 


ble loins compared to normal ones. The variability 


noted in every assay procedure was serious enough, 
however, to preclude direct development of any of the 
tests for prediction of tendency to greening in tuna. 
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Salad Dressings Stable to Frozen Storage 


(Manuscript received December 19, 1960) 


SUMMARY 


Factors influencing oil and water separation from salad 
dressings composed of emulsions and starch paste conform- 
ing to the oil and egg-yolk specifications of the standards 
of identity were evaluated at temperatures ranging from 
+20 to —50°F. Below the freezing point (23-24°F) of 
the aqueous phase, 6 factors were of importance: 

1) The characteristics of the oil: Oil separation is mini- 
mized when the oil used does not crystallize, crystallizes to 
a limited extent, or crystallizes slowly. At 20°F safflower 
oil is superior to other oils tested because it does not solidify 
at that temperature and also because good stability is 
achieved even though other conditions are less than opti- 
mum. When other conditions are optimum, winterized 
safflower oil is satisfactory at 10°F but not at 0°F or lower. 
With peanut oil, oil separation can be delayed for longer 
than 3 months at +20 to —30°F by appropriate combina- 
tion of other conditions, even though this oil solidifies to 
some extent at +20°F. These conditions include use of the 
optimum thickening agent, freshly salted unfrozen egg 
yolk, and increase in yolk level from 5.3 to 8%, with a cor- 
responding decrease in oil. At all storage temperatures ex- 
cept 0°F this combination was stable for 6 months. 

2) Thickening agents: Waxy rice flour is superior to 
other thickening agents tested because of its slower rate of 
retrogradation. 

3) The egg-yolk level used: Increasing it increases sta- 
bility. 

4) Storage condition of frozen yolk used: The emulsify- 
ing function of egg yolk decreases as the storage tempera- 
ture of frozen salted yolk is lowered. 

5) Salt level: Increasing it from 0.5% to 1.7% increases 
stability. 

6) Variations in the ratio of emulsion to starch paste: 
Increase in the emulsion percentage increases the tendency 
to oil separation; increase in paste increases the tendency 
to water separation. 


A SALAD DRESSING that ean be 
frozen without separation on thawing has been sought 
by commercial producers of salads and sandwiches to 
make possible a greater variety of foods that can be 
frozen in quantity and thawed just prior to use. It 
has long been known that freezing usually causes the 
dispersed phase of emulsions to coalesce. Information 
on factors that contribute to the suecessful freezing 
of emulsion-containing salad dressings, obtained in 
the present study, should also be generally useful in 
developing other emulsion-containing products that 
would be stable if subjected to accidental or deliberate 
freezing. 

In the standard of identity for salad dressing, the 
type studied is described as an ‘‘emulsified semi-solid 
food’’ prepared from edible vegetable oil, acidify- 
ing ingredients, egg-yolk-containing ingredients, a 
starchy paste, and optional seasoning or flavoring in- 

*A laboratory of the Western Utilization Research and De 


velopment Division, Agricultural Research Serviee, U. S. De- 
partment of Agriculture. 


Helen L. Hanson and Lorraine R. 
Fletcher 


Western Regional Research Labora- 
tory," Albany, California 


gredients (U. S. Food and Drug Administration, 
1950). Sinee emulsions and cooked starch pastes of 
various kinds are known to be harmed by freezing, 
both of these parts of the salad dressing were expected 
to require modification. Inereased stability achieved 
ai this laboratory by using waxy rice flour as a 
thickening agent for frozen sauces (Hanson ef al., 
1951) indicated that a similar approach might in- 
crease the stability of the cooked starch paste in the 
salad dressing. Instability of the emulsion phase 
of the dressing would then be the major problem 
remaining. 


The essential requirement of a stable emulsion is, 
of course, that the internal phase be prevented from 
coalescing. Information has accumulated in the last 
40-50 years on methods of achieving this, and theories 
and evidence have been developed to explain the 
results. Egg-vyolk emulsifiers function by lowering 
interfacial tension and rapidly forming a film around 
the oil globules to prevent their coalescence. The 
viscosity of the external phase as influenced by the 
emulsifying agent is considered a factor in stability ; 
inereased viscosity in the continuous phase impedes 
movement of the globules and thus prevents coales- 
cence. It has been reported that if an emulsifying 
agent gels or produces a very viscous emulsion, the 
emulsion tends to be coarse but relatively stable 
(King and Mukherjee, 1940). Emulsions stabilized 
with egg yolk tend to be relatively viscous. Accord- 
ing to Clayton (1943) the damage to emulsions that 
are broken by freezing is related to the influence of 
freezing on the emulsifying agent: He states that 
mayonnaise emulsions will break unless reinforced by 
a colloid such as pectin. Breaking of emulsions fol- 
lowing freezing has been ascribed by Rochow and 
Mason (1936) to withdrawal of free and/or bound 
water from the films between touching globules by 
concentration as ice or by concentration of solutes 
present, followed by contact between adjacent films 
of emulsifiers with loss of the orienting influence of 
water, diffusion of emulsifier in the film away from 
these thick regions, and decrease in film area and 
coalescence of globules as soon as thawing of ice per- 
mits them to change shape. 

Most studies of stability of salad dressing emulsions 
have primarily concerned maintenance of their sta- 
bility at 35°F and above during storage, shaking, or 
jarring encountered in commercial marketing. Prin- 
ciples that apply under such conditions also apply 
in some respects in the +20° to —30°F range. Of pri- 
mary importance is seleetion or treatment of the salad 
oil for the storage temperatures involved, and selec- 
tion of an adequate emulsifying agent. Retrograda- 
tion, the tendeney of starch molecules to align in a 
parallel manner, decreases salad-dressing stability 
under certain conditions. It ean be prevented or 
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delayed with a suitable thickening agent. The salt 
level and the emulsion-paste ratio also influence sta- 
bility to freezing and frozen storage. 


MATERIALS AND METHODS 


The formula (Table 1) was selected after preliminary test- 
ing because it conformed to the oil and egg-yolk requirements 
in the standard of identity of a salad dressing (U. 8. Food and 
Drug Administration, 1950) and had a combination of stability 
and consistency promising enough to warrant further testing. 
Since the flavor and degree of stiffness would be determined 
by the processors, this study has been limited to the primary 
problem in salad dressings subjected to frozen storage, that of 
elimination of oil or liquid separation on thawing. 


Table 1. Salad dressing formula. 
% of total 
Weight % of dressing 
(g) emulsion or - 
ad paste Before After 
cooking cooking 


Ingredients 


Starch paste 
Sugar 
Waxy rice flour 
5% acetic acid 
Water 
Low methoxy! pectin * 
CaCl, 


Emulsion 
Yolk 
Salt» 
Sugar 
Mustard 
5% acetic acid 
Oil 


70g 100. 
* Pectin L. M. No. 466, Exchange Lemon Products Co., Corona, 
California. 
» Added in two parts, one as part of the salted yolks, remainder 
with dry ingredients. 


Preparation of salted yolks for freezing. Unless otherwise 
indicated, shell eggs were stored at 35°F (2°C) until broken 
out. The separated yolks were rolled on paper towels to remove 
extraneous white, filtered through a sieve, and blended with a 
wire whip in a Kitchen Aid mixer (Model G)” at speed No. 1; 
and 10% salt was added gradually during a 2-min mixing 
period. The bowl was scraped down, and the salted yolks were 
mixed for an additional 3 min. The salted yolks were poured 
into 8-oz glass jars (160 g/jar) and frozen. 

Thawing of frozen, salted yolks. The frozen salted yolks 
were thawed at room temperature, 77°F (25°C), 2% hr before 
using. Supplementary studies showed that results were com 
parable if the yolks were thawed 17-22 hours at 35°F. 

Preparation of paste. Waxy rice flour was used in most cases 
beeause previous studies (Hanson et al., 1951) indicated it 
would produce a more stable paste than ordinary cereal thicken- 
ing agents. Since a paste made with this flour does not gel, : 
gelling agent was required to maintain the gel structure at 
room temperature. Low methoxyl pectin and calcium chloride 
were added for this purpose (Sunkist Growers Inc., 1953). In 
gel formation with these substances the divalent metal ions 
unite with carboxyls from adjacent pectinate chains, linking 
the chains together. When other cereal thickening agents were 
used, they were used at the 6.3% level in the salad-dressing 
formula. Water was increased from 31.4 to 31.9% to com 
pensate for elimination of pectin and CaCle. 

The dry ingredients were mixed for 10 sec with a flat beater 
in the Kitchen Aid mixer at speed No. 1. Water was added 
through the funnel attachment during the next 160 sec of 


Mention of commercial names of equipment and materials 
used does not constitute recommendation by the U. 8. Depart- 
ment of Agriculture. 


mixing, and 5% acetic acid during the next 40 see of mixing. 
The paste was cooked 5 min in the top of a double boiler after 
reaching 176°F (80°C). At the end of the cooking time the 
CaCle was added as a warm solution in 20 ce of the water, and 
mixed for 40 see. With thickening agents other than waxy rice 
flour, temperatures at the start of the 5-min cooking were 
194°F (90°C) for the corn-tapioea starch mixture, and 185°F 
(85°C) for commercially formulated mixtures. 

Preparation of emulsion. Salted yolks were blended 10 see 
at speed No. 1, and 14 of the acetic acid was added during the 
next 50 see of mixing. The sifted, dry ingredients were added 
gradually during the next 50 see of mixing, and the remainder 
of the acetic acid during 80 see. The oil was heated to 266°F 
(130°C) to destroy erystal centers, and was cooled rapidly to 
86°F (30° C). Temperature of the oil pumped ir the mixing 
bowl was 78.8°F (26°C). The oil was metered through a Zenith 
pump, No. 5, Graham variable-speed drive (Model 29MR5), 
the first 4% being added at 28.5 ml/min, and the remainder at 
57 ml/min, The emulsion was mixed for an additional 30 see 
after the oil was added. At regular intervals during mixing, 
the bowl was seraped down with a rubber spatula. 

Paste (726 g) cooled to room temperature was added to 
550 g of emulsion (ratio, 1.3:1) and blended 130 see at speed 
No. 1. The salad dressing was transferred to 2-oz glass jars. 
Within 2 hr of preparation, jars were placed in a freezing 
room maintained at the intended storage temperature. Time to 
lower the temperature from 77°F to about 2°F above the stor- 
age temperature was 3-4 hours. After storage, samples were 
thawed 2% hours and examined for appearance change and 
separation. Separation was calculated from amount of oil 
separating from a 50-g sample, centrifuged 20 min in a Servall 
Angle Centrifuge at 1600 rpm at ambient temperature (ca. 
77°F). Oil separation of 5-10% of the total oil present was 
usually accompanied by a change in appearance of the thawed 
dressing, characterized by a slight sponginess. Amounts of 
separation were greater when oil was visible in the thawed 
dressings before centrifuging. 


RESULTS 


The influence of the various ingredients on stability of salad 
dressings is reported in separate sections, but a general state- 
ment of the apparent over-all situation should be useful since 
the ingredients influence each other considerably. 

In vegetable-oil salad dressings that are stable at room and 
refrigerator temperatures, the main cause of increasing oil 
separation at lower temperatures is solidification of the emulsi- 
fied oil fractions in erystalline form. If an oil is used that does 
not solidify at the storage temperature selected (i.e., safflower 
oil, 20°F), no oil separation occurs. With an oil that solidifies 
to a limited extent at the storage temperature, oil separation 
ean be prevented or retarded by selection of the optimum 
thickening agent, storage condition for egg yolk, and propor- 
tion of ingredients (i.e., egg yolk, salt) and optimum quantity 
of emulsion in relation to paste. Salad dressings prepared from 
some oils can be frozen and stored indefinitely at temperatures 
30°F) with- 
out oil separation on thawing, probably because of oil solidifica- 
tion in an amorphous form. Between the temperature extremes 


so low that the oils are completely solidified (i.e., 


at which little or no separation occurs, there is a temperature 
range at which maximum oil separation occurs. In this range no 
combination of conditions tested delays or prevents separation 
adequately. Of 6 vegetable oils tested, safflower is promising be- 
eause it does not solidify at 20°F (Purdy and Kneeland) and 
ean be winterized so that it is satisfactory at 10°F in con- 
junction with the most stable emulsifying and thickening 
agents (fresh egg yolk, waxy rice flour). Peanut -oil is 
promising because oil separation at 20 and 10° can be pre- 
vented or delayed by increasing the quantity of frozen salted 
yolk or using fresh salted yolks; at lower temperatures it can 
be delayed by increasing the quantity of fresh salted yolks. 

Freezing curves for salad dressings prepared and frozen by 
the methods described show that the aqueous phase freezes at 
about 23-24°F (Fig. 1). 
salad dressings was not related to this change in the aqueous 
phase. 


Oil separation from the vegetable-oil 
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Fig. 1. Freezing curves for salad dressings held at 4 dif 
ferent temperatures from +10° to —30°F. The dressings were 
prepared from safflower oil and waxy rice flour. 


Oil. The general patterns «©! oil separation from salad dress 
ings stored at 77° to —50°F are similar for the vegetable oils 
studied, but they differ in certain respects. There was no oil 
separation from salad dressings held at 77 or 35°F. At sve 
cessively lower temperatures, separation increased to a maxi 
mum, and then generally decreased (Fig. 2). The temperature 
at which oil separation is maximum varies with the oil. Two 
lots of cottonseed oil were used, and results from both are pre 
sented since they differ in detail though they followed the 
sume general pattern. The first lot consistently exhibited a 
lesser or delayed separation at 0°F that was not typical of the 
second lot. 

The per cent liquid glycerides in oils determined at other 
laboratories, and pertinent properties of the oils actually used, 
were tabulated (Tables 2 and 3) so that any relation between 
these characteristics and oil separation from salad dressings 
eould be determined. However, according to Bailey (1950), 
‘‘any method of estimating the solids and liquids in a real fat 
ean searecely be better than a rough approximation and can be 
expected to yield results more valuable for comparative than 


Table 2. Per cent liquid glycerides in vegetable oils at tem- 
peratures from +20 to —50°P., 


Per cent liquid glycerides (approximate) at (°F): 
oie 


Cottonseed 
Peanut 
Olive 

Corn 
Soybean 


* As reported in the references cited: cottonseed (Bailey and Oliver, 
1944), peanut (Ward and Singleton, 1950), olive (Hilditeh and Maddi 
son, 1941), corn (Doerschuk and Daubert, 1948), soybean (Hilditch 
et al., 1947). 


Table 3. Properties of vegetable oils used. 


Iodine Cloud point” Flow test” 
value® (°F) (°F) 


oil* 


Cottonseed, lot 1 114 18 
Cottonseed, lot 2 114 18 
Cottonseed, lot 2, 

winterized 114 18 5 82 
Peanut 104 2: 81 
Olive a5 ‘ 73 
Corn 23 f : 66 
Soy bean 134 ‘ 81 
Safflower 144 1 79 
Safflower, winterized 143 17 . 82 


* Sources of oils: cottonseed, Wesson oil, Wesson Oil and Snowdrift 
Sales Co., New Orleans, La.; peanut, Panther brand, Veronica Olive Oil 
Co., Oakland, Calif.; olive, Star brand, vergine, Olio d'Oliva product of 
Lucca, Italy, distr. by A. Giurlani and Bro. San Francisco; corn, 
Mazola, Corn Products, Argo, Lll.; soybean, Soya Oil Supreme, Durkee 
Famous Foods, Berkeley, Calif.; safflower, edible safflower oil, anal. 160 
d 59, Pacific Vegetable Oil Corp., Richmond, Calif. 

* Determined by A.O.C.S. method. 


for absolute purposes.’’ Also, the oils used in the salad dress 
ings were used for determination of iodine value, cloud point, 
flow test, and titer, but not to determine per cent liquid 
glyeerides. 

There were some relationships between the oil characteristics 
and oil separation from the salad dressings, but they were not 
generally consistent enough to be useful for predicting the 
behavior of an oil in a salad dressing at a particular tempera 
ture. Oil separation from salad dressing generally increased 
aus solidification of the component glycerides increased. Saf- 
flower oil, with the lowest cloud point and flow test and the 
highest iodine value, is the only one from which a salad dress- 
ing was made with the usual formula, that did not exhibit oil 
separation at 20°F. Several lots of safflower responded alike. 
With corn and soybean oils, whieh had relatively low cloud 
points and flow tests, and relatively high iodine values, oil 
separation was considerable at 20°F, although it was delayed. 


SAFFLOWER 
SOYBEAN 


$ 


PEANUT 


SALAD DRESSING STORAGE TEMPERATURE CF) 


Fig. 2. Patterns of oil separation from vegetable oil salad 
dressings held at subfreezing temperatures for 1 and 3 months. 
Dressings were prepared from salted yolk held 2 months at 
10°F. 


On the other hand peanut oil, with the highest per cent of solid 
giycerides at 20°F and the highest values for cloud point and 
flow test, also exhibited delayed oil separation at 20°F. It is 
probable that the tendency of peanut oil to solidify in a ‘‘ gela- 
tinous’’ form (Bailey et al., 1943) is largely responsible for 
the difference in its behavior. 

At temperatures low enough to cause complete solidification 
of the oils, salad dressings prepared from some oils were stored 
indefinitely without separation on thawing, probably because 
solidification was in an amorphous rather than a erystalline 
form, Sinee oil solidification per se does not result in oil 
separation from vegetable oil salad dressings, the conditions that 
cause instability in salad dressings held at refrigerator tem 
perature also appear to cause instability in salad dressings 
held at sub-freezing temperatures. Thus, extensive solidifica 
tion of oil fractions in erystalline form must destroy the rela 
tion between dispersed oil droplets and the protective emulsify- 
ing film, leaving oil droplets free to coalesce on thawing. The 
short time (5-6 hours) required at the intermediate tempera- 
tures during freezing and thawing is apparently not sufficient 
for crystallization of the glycerides to occur in most cases. 

Most of the oil separation occurred within the first month of 
storage, and little further change occurred during a year’s 
storage. The only exeeptions of importance were in the salad 
dressings prepared from corn, soybean, and peanut oils stored 
at 20°F. Although little or no separation occurred in a month’s 
storage, significant amounts occurred after three months (Fig. 
2). Other small increases on long storage occurred only under 
conditions that produced so much separation after one month 
that the changes were unimportant. 

The detrimental effect on salad dressing or mayonnaise of 
erystallization of oil fractions at refrigerator temperature 
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this is also a good release agent for hard candy 
and coated paper— 


and it’s nutritious, too 


The material that lets those muffins fall quickly and 
cleanly is the same material that gives hard candy superior 
release from molds and slabs and keeps coated paper from 
sticking to itself. It is representative of a new class of 
modified food fats called Myvacet® Distilled Acetylated 
Monoglycerides. 

They're nutritious. Some release agents are suitable for 
use on foods, but Myvacet Distilled Acetylated Monoglycerides 
go the extra mile—they'’re actually wholesome and nu- 
tritious. They're approved* for use, up to 5%, in or on 
finished food. 

They resist oxidation. Some edible release agents soon turn 
rancid, but Myvacet Distilled Acetylated Monoglycerides, 
tasteless and odorless to begin with, stay that way. They 
form no rancid odors or gums, outperforming edible oils on 
oxidative stability every time. And they work. With 
Myvacet Distilled Acetylated Monoglycerides, . hard candy 
slab can be dressed, a cutting knife lubricated, a meat 


*U. S. Food & Drug Regulations, Sec. 121.1018 


chute coated by simple brushing, wiping or spraying. No 
high temperatures are needed to get the release materials 
ready for use—room temperature is fine. 

On metal, glass, or stone, the slight polarity of the 
Myvacet materials orients them in tenacious films that 
cling to vertical sides of a tub or trough where other oils 
won't. Because they are so effective in thin films, transfer 
to finished food is low. Less material may, therefore, do 
more work. 

To those who are concerned with a search for a material 
that most closely approaches the ideal release agent, we 
offer technical bulletins dealing with the properties of the 
Myvacet Distilled Acetylated Monoglycerides best suited for 
release work. Write for bulletins, and evaluation samples, 
too. The address is Distillation Products Industries, Roch- 
ester 3, N. Y. Sales offices: New York and Chicago « W. M. 
Gillies, Inc., West Coast « Charles Albert Smith Limited, 
Montreal and Toronto. 


producers of Myvacet" 
Distilled Acetylated Monoglycerides 


Also... Myverol® Distilled Monoglycerides... 


vitamin A for foods and pharmaceuticals 


Distillation Products Industries iso division o¢ Eastman Kodak Company 
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There is no surer way to decide whether an 
FMC “Sterilmatic’’* line is right for you than 
to ask leading food processors who are now 
using these continuous pressure cookers and 
coolers. 

Ask American Home Foods, Division of 
American Home Products Corp., for example. 
They installed their first “Sterilmatic” in 1946 
in their Chef-Boy-ar-Dee plant at Milton, Pa. 

During the years since then, they have spe- 
cified “Sterilmatic” three times —now have 7 
of these lines in the plant, turning out the 53 
foods they pack under the famous Chef's label. 


| 


You will learn that “Sterilmatic” pioneered 
a new concept in food processing — one that 
invariably cuts processing time, assures uni- 
form quality, helps preserve natural color, 
flavor, texture and nutrients, and minimizes 
can damage. 

The list of “Sterilmatic” users reads like a 
Blue Book of food processors. Let their use- 
experience be your guide to better, more prof- 
itable food processing. 

A 16-page brochure, “The Sterilmatic Story,” 
gives full details and is yours for the asking. 
Write for it — today. 


*FMC “Sterilmatic” Continuous Pressure Cooker and Cooler — Trade Mark — Reg. Pat. Off. 


Putting 


jdeas to Work 


FOOD MACHINERY AND CHEMICAL CORPORATION 


Canning Machinery Division 
Genera! Saies Offices: 
WESTERN: SAN JOSE, CALIF. « EASTERN: HOOPESTON, ILL. 
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Per Cent Oil Separation 


1 
10 0 “10 
Salad Dressing Storage Temperature (°F) 
Fig. 3. Effect of ‘‘winterization’’ of oils on oil separation 
from salad dressings. The dressings were prepared from fresh 


salted yolk. The safflower oil dressings were stored 3 mo; cot 


tonseed oil dressings, 1 mo. 


(40-45°F) has long been reeognized. Elimination or reduction 
of these fractions is the basis of the ‘‘ winterization’’ of oil 
used in preparation of salad dressings not ordinarily subjected 
to freezing. Fractional crystallization of cottonseed oil at 
about 40°F is required. Other frequently used oils, such as 
corn or soybean, do not contain sufficient fractions solidifying 
at refrigerator temperature to require winterization. Since 
safflower-oil salad dressings did not separate at 20°F, this oil 
was selected to determine whether winterization would make 
the oil satisfactory for use at lower temperatures. It was 
centrifuged about 20 hours in a refrigerated centrifuge at 4°F. 
The supernatant (about 50% of the original) was slightly 
cloudy when decanted. However, this treatment was sufficient 
to prevent separation from salad dressings held 3 months at 
10°F, in contrast to 33% separation from salad dressings made 
of untreated oil (Fig 3). Further winterization of the oil at 
-6°F, however, did not significantly reduce separation at 0°F. 

Further winterizing of cottonseed oil that had been win- 
terized commercially gave additional evidence that removal of 
fractions of the oil that solidify in a erystalline form at the 
storage temperature is a primary factor in stabilizing salad 
dressings, whether refrigerated or frozen. Removal of glycer- 
ides that erystallized at 35°F eliminated oil separation from 
salad dressings held 1 month at 20°F (Fig. 3). 

Salad dressings made with cottonseed oil and laboratory- 
winterized cottonseed oil were held 1 month at low temperatures 
(—30 and —50°F) and then transferred to higher temperatures 
(+20° to —20°F) for storage to determine whether holding at 
the low temperature would alter or delay erystal formation 
and thereby reduce oil separation. Separation from the salad 
dressings transferred to the higher temperature equaled that of 
salad dressings stored for equal times at the higher tempera- 
tures without previous holding at —30 or —50°F. Similarly, 
when the transfer was made from the higher to the lower tem- 
perature, the separation equaled that at the higher temperature. 

The maximum separation of oil from salad dressings made 
with the vegetable oils ranged from 40%, for peanut oil, to 


73%, for safflower oil, in salad dressings containing 5.3% yolk 
(Fig. 2); and from 11%, for peanut oil, to 62%, for safflower 
oil, in dressings containing 8% yolk. These amounts were not 
increased by raising the temperature during centrifuging from 
77 to 95°F. Peanut oil reportedly forms crystals of such 
‘*gelatinous’’ character that it is impossible to filter cold oil 
from them, and for this reason there is no commercial produe- 
tion of winterized peanut oil (Bailey et al., 1943). It may be 
this characteristic of the solidified peanut oil that also prevents 
larger quantities of oil separation from the peanut-oil salad 
dressings. 

Thickening agent. Oil and water separation from salad 
dressings prepared with four thickening agents shows that the 
tendency of starches to retrograde influences the stability of 
salad dressings subjected to frozen storage, and that the extent 
to which the oil solidifies or the form in which it solidifies at 
the storage temperature largely determines whether starch 
retrogradation is important. For certain conditions in which 
oil solidification oeeurs, the use of a starch that does not readily 
retrograde retards or prevents oil separation. Retrogradation 
proceeds more rapidly in unbranched than in branched starch 
molecules (Sehoech and Elder, 1955). The common cereal 
starches contain 17-28% unbranched starch molecules, where- 
as the waxy cereal starches contain less than 1%. 

The thickening agents used in the salad dressings were: 1) a 
50:50 mixture of tapioca and corn starches (Purity F. L. 
tapioca and Kingsford corn starch), 2) waxy rice flour (plus 
low-methoxyl pectin and CaCl, to give necessary gel structure), 
3) a commercial formulation of modified waxy and common 
cornstarch, and 4) a commercially formulated modified common 
cornstarch, 

The changes in frozen salad dressing attributable to the 
thickening agent can be clearly shown only under conditions 
stich that little or no oil separation oceurs in salad dressings 
prepared with the optimum thickening agent. Under conditions 
resulting in large amounts of oil separation, even when the 
optimum thickening agent was used, no advantage was found 
for one thickening agent over another. The oils and the storage 
temperatures selected illustrate the situations existing when: 
1) oil does not solidify, 2) oil solidification is slight or re- 
tarded, possibly due to erystallization in a gelatinous form, 
and 3) oil solidifies completely. Fresh salted egg yolks were 


used since studies reported later in this paper show that oil 


separation is less with fresh than with frozen salted yolks. 
When water separation typical of starch retrogradation 
occurs it is visible in the centrifuged salad dressings as an 
intermediate layer in the aqueous phase in the centrifuge tubes. 
This layer was not found in saiad dressings made with waxy 
rice flour and the standard formula, regardless of oil sepa- 
ration. It was found in all salad dressings made with the other 
thickening agents unless oil separation exceeded 40%, in 
which case it was probably masked by the large amounts of oil. 
With any of the thickening agents tested, oil separation did 
not oeceur in salad dressings if the oils used did not contain 
fractions that solidify at the temperatures involved (safflower 
oil at 20°F) (Table 4). However, if a relatively small propor- 


Table 4. Oil solidification in storage, and oil separation with 


various thickening agents. 

% oil separ b 

Storage © oil separation 

wir 3 cornstarch Waxy 
, tapioca mixtures ‘ rice flour 


Not solidified 
Safflower 
Slight or slow solidification 
Peanut 
Corn 
Safflower (wint. ) 
Complete solidification 
Cottonseed 
Corn 
Peanut 


*3 months of storage 

> Water separation occurred only in non-waxy rice samples at 10 
and 20°F; salad dressings prepared from fresh salted egg yolks (5.3%) 

¢ Cornstarch-tapioca; modified cornstarch; modified waxy and com 
mon cornstarch 

4 Curdled, but oil not completely coalesced. 
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tion of the oil fractions solidify or coalescence of the oil is 
retarded for some other reason (corn and peanut oils at 20° 
and winterized safflower oil at 10°F), waxy rice flour was ad- 
vantageous for a 3-month storage period. After 6 months of 
storage, 23% of the peanut and 12% of the corn oil separated, 
even with the waxy rice flour thickening agent. However, these 
two instances were the only ones of those reported in Table 4 
in which an inerease in oil separation occurred during the 3- to 
6-month storage period. The gelation of the starch paste at 
20°F in the three salad dressings containing cornstarch-tapioca 
mixtures prevented good separation of the peanut and corn oils 
after centrifuging, so separation is indicated as a plus rather 
than a number in Table 4. At a very low storage temperature 
(—50°F), the advantage of the waxy rice flour was again 
apparent. 

That the greater stabilizing effect of waxy rice flour is due 
to the flour and not the gel-forming additives is apparent when 
salad dressings containing waxy rice flour, pectin, and CaCl. 
are compared with those containing waxy rice flour only and 
waxy rice flour plus pectin. In salad dressings made with 
eottonseed oil (Lot 1) and salted yolks (stored at —10°F), 
those containing waxy rice flour, pectin, and CaCl, showed oil 
separation of 29%, 12%, 36%, and 0% after storage for 1 
month at +10, 0, —10, and —30°F, respectively. With this same 
combination, when waxy rice flour alone was used, there was 
no separation after 6 months; when waxy rice flour and pectin 
were used, there was no separation at +10, 0, and —30°F at 6 
months, 7% after 1 month at —10°F, and 30% after 6 months 


sor 


PER CENT OIL SEPARATION IN THREE MONTHS 


10 -10 -30 10 -10 
SALAD DRESSING STORAGE TEMPERATURE (°F) 
Fig. 4. Oil separation from frozen salad dressings prepared 
from fresh and frozen (1 month, 0°F) salted yolks at two yolk 


levels, and cottonseed oil. 


SAFFLOWER 


Percent Oi! Separation in Three Months 


20 ° +40 “20 4-30 200 0 “0 
Salad Dressing Storage Temperature (°F) 
Fig. 5. Oil separation from frozen salad dressings prepared 
from fresh and frozen (2 months, —10°F) salted yolks and 
various vegetable oils. 
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at —10°F. Thus the gel-forming additives decreased the sta- 
bility achieved with the flour alone. The results were similar 
when corn oil was used. Separation was less, though not pre- 
vented, with waxy rice flour alone than with waxy rice flour 
and the additives. Since waxy rice flour does not give an ade- 
quate gel structure, the additives are needed. The results sug- 
gest, however, that the starch paste gel structure is detrimental 
to stability, whether obtained with pectin and CaClh or with a 
starch that gels. 

Egg yolk. Although frozen salted egg yolks are usually used 
as the emulsifying agent in commercial manufacture of salad 
dressing, this study has shown that freshly prepared unfrozen 
salted yolks generally resulted in more stable frozen salad 
dressings. The extent of improvement depends on the storage 
temperature of the frozen salted yolks, and varies with oil and 
salad-dressing storage temperature. In general, the lower the 
yolk storage temperature the more the damage to its emulsify- 
ing function in salad dressing and the greater the tendency for 
the salad oil to coalesce on thawing. The advantage of fresh 
over frozen yolk is more apparent in salad dressings made witb 
eottonseed oil (Fig. 4) than with other oils tested (Fig. 5) 
The increasing damage due to lower salted-yolk storage tem- 
peratures was apparent for salad dressings thickened with waxy 
rice flour and with the cornstarch-tapioca mixture (Fig. 6). 
The results in the latter tests with salted yolk held at 35°F 
suggest that 48 hours at that temperature has a damaging 
effect on the emulsifying function similar to, but less severe 
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30 10 -10 -30 
Salad Dressing Storage Temperature (°F) 

Fig. 6. Influence of salted yolk storage temperature on cot- 
tonseed oil separation from salad dressings thickened with 
waxy rice flour and corn-tapioca starch mixture. The salted 
yolks were stored 1 month. 
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Fig. 7. Influence of yolk level on oil separation from salad 
dressings. The yolks were stored 2 months at —10°F. 


than, that caused by frozen storage of the salted yolks. The 
magnitude of separation occurring with the two types of 
thickening agents is not direetly eomparable, since two egg 
lots were used 


Table 5. Influence of level of fresh salted yolks on oil sepa 
ration from salad dressings (stored 3 months). 


Oil ae 20 10° 9 10 
Olive 5.3 50 50 40 46 
8 29 18 15 18 

Corn 5.3 7 60 63 50 
R 0 18 15 a6 

Soybean 5.3 20 53 53 46 
a 18 36 36 31 

Safflower 5.3 0 33 46 70 
8 0 15 11 62 
Cottonseed * 5.3 (33) (33) 26 (26) 
8 7 (14) 4 (11) 


* Values in parentheses indicate results after 1 mo rather than 3 
mo storage 


The effeet of holding temperature of shell eggs on stability 
of frozen salad dressings was studied at two yolk levels in salad 
dressings prepared from cottonseed oil. Holding shell eggs 1 
week at 34°F, overnight at 55°F, or 1 week at 55°F made no 
statistically significant difference in oil separation from salad 
dressings stored 1 and 3 months at 20 to —30°F. Holding the 
shell eggs 1 week at 34 or 55°F before storage of the salted 
yolks for 1 month at 0°F likewise had no effect on the stability 
of salad dressings made from the same yolk levels and 
ingredients. 

As expected, the ratio of yolk to oil in the salad dressing 
influences salad dressing stability. Increasing the amount of 
frozen salted yolk, with a corresponding decrease in oil, im 
proves stability (Figs. 4, 7). Similar improvement is found 
with fresh salted yolks (Table 5) 
ings the improvement is of significant practical importance 
(Table 6). In these salad dressings the use of 8% fresh yolk 


“or peanut-oi! salad dress 
I t-oi! lad d 


prevents oil separation for 3 months at +20 to —30°F. Only at 
0°F was there significant separation at 6 months. The in 
creased stability is considered to be due to the resistance that 
the thicker film of egg surrounding each oil globule offers to 
the tendency of the crystallized oil to puncture the film. Joffe 
(1942) reported that mayonnaise containing a low per cent of 
winterized cottonseed oil and a high per cent (21.5%) of egg 
yolk could be chilled to —5°F for 24 hours without oil separa 
tion on thawing. 

Salt. The salad-dressing paste, safflower-oil emulsion, and 
peanut-oil emulsion were stored before and after combining in 
the usual salad dressing formula to test the influence of salt 
coneentration on stability. Salt increased stability of the 


Table 6. Influence of level of fresh salted yolks on oil sepa- 
ration from peanut-oil salad dressings. 


Per cent oil separation 
Storage 
temperature 
F) 


5.3% yolk level 8% yolk level 


Storage time (mo.) 


1 6 l 3 6 

20 0 ) 1 0 0 0 

10 13 1 I 0 0 0 

) 30 40 0 18 

10 13 13 18 0 0 2 
20 0 3 0 if) 
3 0 ) 0 0 


frozen pastes, There was no water separation from the paste 
with a salt concentration 1.2% after 1 month at 20°F, but 
18% separation from the paste with no salt. Higher salt con 
centrations increased stability of emulsions at 20°F (Table 7). 


Table 7. Influence of salt concentration on oil separations 
from emulsions at 20°F (stored 3 months 
| separs %)* 
Salt Oll separation ( % ) 
concentration ratio 
(%) 8 Safflower oi Peanut oil 
1.7 1:0.88 70 
1:1.1° 16 67 
1.1 1:0.97 15 cose 
0.5 1:1.1 92 
0.5 1;:1.26¢ 81 
* 70-90% separation at 10, 0 10 


>» Higher solids-to-water ratio than in first sample was obtained by 
decreasing yolk and oil, increasing water. 


© 1.2% sugar in this sample, 2.1% in others 


Variations in sugar concentration and in the solid-water ratio 
within the ranges tested had relatively little influence on 
emulsion stability. 

In safflower or peanut oil salad dressings in the +20 to 

10°F range, oil separation was least in those with highest 
total salt, whether all the salt was in the emulsion or part was 
in the paste (Table 8). Variations in sugar content or solids 
water ratio had little if any effect on oil separation in the 
ranges studied. Water separation occurred only in salad dress- 
ings with the lowest (0.5%) total salt. There was no water 
separation from those with more salt, even though the addi 
tional salt was in the emulsion. 

Emulsion—starch paste ratio. A stabilizing effect of starch 
pastes on the emulsions was found under some conditions. The 
emulsion used in this salad-dressing formula was unstable at 
room temperature when not combined with a starch paste. More 
than 50% of the oil separated from cottonseed, olive, soybean, 
or safflower oil emulsions after a week. Similar amounts sepa- 
rated when the cottonseed-oil emulsions were held for 1 month 
at temperatures differing by 10°F intervals from +10 to 

30°F. As reported earlier in the paper, combining the emul- 
sions with pastes made from either waxy rice flour or the corn- 
starch-tapioea mixture prevented oil separation from any of the 
salad dressings at room temperature (77°F) and decreased 
separation from the cottonseed oil salad dressings at —30°F. 

Under some conditions a stabilizing effect of emulsions on 
the starch pastes was found. The conditions required to demon 
strate the effect include temperatures at which water separates 
from starch pastes stored alone and an oil that does not solidify 
or solidifies to only a slight extent at those temperatures. More 
than 4% water separates from waxy rice flour pastes stored 1 
month at 20 and 10°F, from commercially formulated modified 
cornstarch pastes at 20, 10, and O°F, and from cornstareh- 
tapioca pastes stored from 20 to —30°F. Adding emulsions 
made from safflower oil or laboratory-winterized cottonseed oil 
to waxy rice flour pastes prevented water separation at 20°F. 
Adding emulsions made from winterized safflower oil prevented 
it at 10°F. However, the other pastes were not protected from 
water separation at 20°F by combining with safflower-oil emul- 
sions or at 10°F by combining with winterized safflower-oil 
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Table 8. Influence of salt concentration on separation of salad dressings (stored 3 months). 


Salt concentration Sugar concentration 


Solids—water ratio 


Emulsion Emulsion Paste of emulsion 
(%) (%) 


© 


O38 
1 
1 


wesc 


1 
3.33 
433. 
343. 
1:0 
1:1 


6 


* Oil separation occurred, 
>» Water separation. 


emulsions (Table 4, footnote b). These pastes were not com- 
bined with laboratory-winterized cottonseed-oil emulsions. 

To determine the extent to which the ratio of emulsion to 
paste influence oil and water separation, salad dressings con- 
taining different ratios of emulsion to paste were prepared with 
safflower oil, 5.3% fresh salted yolks, and waxy rice flour. 
They were stored 3 months at 20°F. Water separation oeeurred 
only in the combination having a 1:4 ratio of emulsion to 
paste. A ratio of about 2:3 protected the paste. Oil separation 
occurred in the salad dressing containing 4:1 emulsion to 
starch paste but was prevented with 3:2 emulsion and stareh 
paste (Table 9). 
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Safflower oil Peanut oil 


Table 9. Influence of ratio of safflower oil emulsion to waxy 
rice flour paste on stability of mixtures (held 3 months at 
20°F). 


Composition of mixture Separation 
Emulsion Water 


% 

11 

8 

0 

80 0 


* Ratio used in salad dressing. 
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Stability of Chlorophyll 
as Affected by pH 


(Manuscript received October 11, 1960) 


SUMMARY 


Frozen green vegetables differed greatly in ability to retain 
chlorophyll. Destruction of chlorophyll a was found to be the 
principal factor responsible for color loss. The pH range 6—7 
appeared to be critical. Experiments were carried out in which 
chlorophyll a loss in frozen green beans was retarded by cook- 
ing in water containing chemical additives. By use of citrate- 
phosphate buffers, pH 6.2-7.0, progressive increases in color 
were obtained with increase in pH. The use of buffers of pH 


greater than 7 resulted in marked deterioration in flavor and 
little further improvement in color. The buffers decreased the 
cooking time required for optimum texture and appeared to 
have no adverse effect on ascorbie acid retention. 


Coarosorayus retention has been 
used as a measure of quality in green vegetables 
(Dietrich et al., 1957, 1959; Gilpin et al., 1959; 
Sweeney and Martin, 1958). Color is also an im- 
portant factor in consumer acceptance. Kramer esti- 
mated ‘‘eye appeal’’ to be about 45% of the total 
quality scale (Kramer and Twigg, 1956). 

In a study in this laboratory of the quality of 
frozen vegetables purchased in the retail market it 
was noted that chlorophyll retention was poor in 
green beans and brussels sprouts. In the cooking of 
these vegetables a large proportion of the remaining 
chlorophyll was converted to pheophytin. The re- 
search reported here was undertaken to augment exist- 
ing information regarding the causes of chlorophyll 
destruction and methods of retarding it. 

Mackinney and Weast (1940) noted the effect of 
blanching on pheophytin formation in green beans. 
Dietrich et al. (1959) reported that blanching tem- 
perature and degree of blanch affected chlorophyll 
retention in frozen green beans during storage. It is 
also known that at an acidic pH, chlorophyll is con- 
verted to pheophytin ( Willstatter and Stoll, 1928). 

Previous workers attempted to prevent this con- 
version by addition of alkaline materials such as 
sodium bicarbonate, hexametaphosphate (Gilpin et al., 
1959), disodium glutamate, sodium hydroxide, and 
magnesium hydroxide (Malecki, 1958, 1959). How- 
ever, because quantities required are small and waters 
may vary in mineral content and ‘‘hardness,’’ the 
addition of these substances to the cooking water may 
cause a sharp increase in pH and a deterioration in 
texture and flavor of the vegetable. In work reported 
here, attempts were made to retain as much as possi- 
ble of the chlorophyll in the vegetable without serious 
impairment of texture and flavor. 


EXPERIMENTAL PLAN 
Information on the stability of chlorophyll in 6 frozen vege- 


tables, both as received and after cooking, was obtained by 
making determinations of total chlorophyll. The relative 
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stabilities of chlorophyll a and b were also determined in vege- 
tables cooked for various periods, and this stability correlated 
with the pH of the vegetables both before and after cooking. 
Attempts were then made to improve chlorophyll retention in 
the most acidie vegetable studied, green beans, pH about 6.2, 
by increasing its pH to approximately that of vegetables show- 
ing the greatest chlorophyll stability, green peas and spinach, 
pH 6.7-7.0. The eolor, flavor, and ascorbic acid retention of 
green beans cooked in waters buffered at pH values of pH 
6.4-8.4 were also investigated. 

In earrying out this work, modifications were made in the 
procedures for determination of the chlorophyll components, 
methods were improved for chromatographic separation of 
chlorophyll a and b, and identification was made of some of the 
pigments isolated by the chromatography. 


MATERIALS AND METHODS 


Total chlorophyll was determined in 64 samples of each of 
6 frozen vegetables: broccoli spears, brussels sprouts, eut green 
beans, Fordhook lima beans, green peas, and spinach. Samples 
were collected at the retail market during 4 seasons and 
analyzed, both as received and after cooking. 

Preparation and cooking. Seven family-size packages of each 
brand of the vegetable to be tested were removed from the 
freezer and opened. Those to be tested without cooking were 
allowed to thaw at room temperature for about 1 hour. 

The samples to be cooked (two packages of each brand) 
were weighed. A predetermined amount of water (177 g for 
spinach, lima beans, brussels sprouts, and broccoli; 118 g for 
peas; 236 g for green beans) was brought to a boiling tem- 
perature as determined by thermocouple in each of four 4-quart 
glass-covered saucepans. The unthawed vegetable was placed 
in the boiling water, and timing was begun when the cooking 
water returned to boiling. The cooking times selected were 
those shown by panel evaluation to result in vegetables of near- 
optimum texture. 

In the study of the effect of pH on color retention in frozen 
eut green beans, a modified cooking method was used. Samples 
were allowed to thaw at room temperature and 70-g portions 
were soaked for 10 min in the following solutions in amounts 
sufficient to cover the vegetable: 1) distilled water, 2) 10% 
monosodium glutamate (pH 6.8), 3) MelIlvaine’s citrate- 
phosphate buffer (pH 6.8). The vegetables were drained, 5 ml 
of the drained liquid was added to 95 ml boiling distilled water, 
and the sample was cooked in this liquid for 5 minutes. The 
color of the eooked beans was evaluated by color-difference 
meter, and pH measurements were taken on aqueous slurries. 

A similar experiment was carried out in which samples of 
green beans (French style) were soaked in water, buffered 
with citrate-phosphate buffer at various pH ’s, 6.2, 6.6, and 6.9, 
and then cooked as described above in water to which 5 ml of 
the buffered solution had been added. The pH of the cooked 
vegetables, percentage retention of chlorophyll a and b, and 
ecolor-difference meter values were determined. 

In a further study of the effects of buffers ranging in pH 
from 6.4 to 8.4 on color, flavor, and ascorbic acid retention of 
green beans, both frozen and fresh samples were used. Two 
10-0z packages of frozen green beans were allowed to thaw and 
were then immersed for 10 min in buffers, drained, and cooked 
until done in 225 ml boiling water to which 25 ml of the 
drained buffer had been added. Buffers of pH 6.4, 6.8, 7.0, 7.2, 
7.6, and 8.4 were used. In addition, uncooked samples and 
samples cooked in water containing no added buffer were 
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tested. Color-difference meter and pH readings were taken. 
Flavor was evaluated by panel flavor scores. 

One-pound samples of fresh green beans were cooked with 
the same procedure deseribed for frozen vegetable. Buffers of 
pH 6.4, 7.0, 8,0, and 8.4 were used. Color-difference meter, pH, 
and ascorbic acid determinations were made on both the raw 
and eooked vegetables. 

Flavor. Flavor of the cooked vegetable was rated by a trained 
panel of 5 members (Gilpin et al., 1959). A five-point rating 
seale was used (5, denoting natural full flavor; 1, weak or 
lacking). 

Color. Reflected color was measured with a Gardner Auto 
matie Color Difference Meter (Gilpin et al., 1959). A Gardner 
medium-green color standard, L 50.0, a.-25.7, bu + 7.3, was 
used. The readings were expressed as the ratio a./br. 

Ascorbic acid. Reduced ascorbic acid was determined by the 
procedure of Bessey and King (1933). The samples were 
extracted according to the procedure deseribed for broccoli 
(Sweeney et al., 1959). 

Determination of total chlorophyll. Extraction. In the ex- 
traction of chlorophyll, 100-g samples of the vegetables were 
blended in a Waring Blendor for 2 minutes at high speed with 
100 ml of acetone. A portion of the resulting slurry (30 g 
for peas, green beans, and brussels sprouts, 15 g for spinach 
and broccoli, and 40 g for lima beans) was blended for 5 min- 
utes with 70 ml acetone and filtered on a sintered-glass funnel, 
using suction. The residue was blended with 70 ml 80% ace 
tone, filtered, and washed, and the filtrates combined and 
diluted to 200 ml with 80% acetone. 

Because of its high chlorophyll concentration, spinach re- 
quired a seeond dilution. A 25-ml portion of the first dilution 
was diluted to 100 ml with 87% acetone. For lima beans, to 
prevent turbidity in the extracts, a more concentrated solvent 
was required, Undiluted acetone (99%) was used until the 
final dilution, which was made with 95° acetone. 

Development of absorption constants. Specific absorption 
constants were developed for changes in absorption that oeeur 
when chlorophyll is converted to pheophytin. This was done 
with freshly harvested samples of fresh vegetables assumed to 
contain no pheophytin. The method for development of the 
constants has been deseribed (Sweeney and Martin, 1958). It 
should be recognized, however, that the acetone used for extrac- 
tion of chlorephyll will also extract other substances, which 
may affeet the spectral characteristics of chlorophyll. There 
fore, constants developed for one vegetable might not be valid 
for another. In preliminary work on asparagus, determination 
of chlorophyll in acetone extracts was found infeasible because 
of interference from rutin and anthocyanin pigments. With 
this vegetable it was necessary, as a preliminary step, to trans- 
fer the chlorophyll to ethyl ether as deseribed in A.O.A.C. 
Methods (1955). 

Even in the same vegetable, constants would be influenced 
to some extent by differences in laboratory conditions, such as 
temperature, humidity, calibration of spectrophotometer, ete. 
Consequently it would be advisable for each analyst to develop 
his own constants under the conditions prevailing in his labo- 
ratory. Table 1 gives the constants developed for the 6 vege 
tables studied most extensively. 

The method of caleulating percentage retention of chloro 
phyll has been described (Sweeney and Martin, 1958). Briefly, 
the total chlorophyll plus pheophytin in mmg per ml is ealeu- 
lated by dividing the absorbance at 556 ma by the specific 
ubsorption constant at that wavelength. The chlorophyll con 


Table 1. Specific absorption coefficients for conversion of 
chlorophyll to phetophytin in various vegetables. 


Decrease in Absorb- 

absorbance ance No. of 
- replica 

Vegetable 535 ma 642.5 me 660 ma 556 mu tions 


Increase in 
absorbance 


Peas 

Broccoli 

Brussels sprouts 
Green beans 

Leaf spinach 
Fordhook lima beans 


17.7 
if 


7.9 19.9 


1 
1 
1 


) 
5 


3 
3. 


centration is calculated from the average of the values obtained 
by dividing the changes in absorbance at 535, 642.5, and 660 
mu by the corresponding specific absorption constants for the 
changes in absorption at these respective wavelengths. The 
average chlorophyll value thus obtained is divided by the total 
chlorophyll plus pheophytin, and the quotient multiplied by 100 
to give the percentage retention of chlorophyll. 

Determination of chlorophyll a and chlorophyll b. Determina 
tions of chlorophyll a and b were made on uncooked frozen 
vegetables and on frozen vegetables cooked for 5, 10, 15, and 
20 minutes. 

Preparation of extracts. Acetone extracts of the vegetables 
were prepared as deseribed above. Two hundred ml of extract 
(100 ml for broccoli, 50 ml for spinach) was then transferred 
to petroleum ether and washed by repeated bubbling through 
water (Asse of Offic. Agr. Chemists, 1955). Six washings 
were sufficient for broceoli and spinach; 10 were required for 
peas, green beans, lima beans, and brussels sprouts. The ace 
tone-free extract was transferred to a 50-ml volumetric and 
dried over anhydrous sodium sulfate. A 10-ml portion was then 
chromatographed. 

Chromatographic procedure. Chromatography was carried 
out on powdered sugar. Some modifications were made in the 
previously deseribed procedure (Sweeney and Martin, 1958). 
The column was washed with petroleum ether, and after addi 
tion of the sample, elution was begun with petroleum ether 
containing 5% acetone. 

After the chlorophyll bands had separated on the column, an 
eluting solution containing 10% acetone in petroleum ether 
was used until the carotene, pheophytin a, and xanthophylls 
had been eluted. Wider separation of bands was achieved by 
reducing the rate of flow to no more than 50 drops per minute. 

After chlorophyll a had been eluted, chlorophyll b could be 
removed from the column by using a stronger eluting solution, 
15-25% acetone in petroleum ether. 

An ultraviolet lamp ean be used to follow the progress of 
the bands. The chlorophylls and pheophytins have a red fluo- 
rescence in u.y. light, whereas the carotenes and xanthophylls 
show no fluorescence. 

The first pigment to be eluted from the column was in the 
form of a diffuse yellow band that was identified as a carotene. 
In vegetables that had been cooked for 20 minutes, the follow- 
ing order of elution was obtained: diffuse yellow (carctene), 
gray band (pheophytin a), 2 yellow bands (xanthophyll), blue 
green (chlorophyll a), yellow green (chlorophyll b), yellow 
(xanthophyll, obtained only in lima beans, spinach, and green 
beans). In two vegetables, brussels sprouts and green peas, a 
second gray band (pheophytin b) was observed following 
chlorophyll b. 

The various bands eluted from the column were identified by 
their spectral (Assoc. of Vitamin Chemists, 1951) and solu 
bility charaeteristies (Karrer, 1950). 

The fraetions containing the chlorophylls were each diluted 
to 50 ml with petroleum ether. To one 25-ml aliquot was added 
1 ml of saturated oxalic acid in acetone; to the other, 1 ml of 
acetone. After 30 minutes, absorbance readings were taken at 
535, 556, 600, 642.5, and 660 my. 

Calculation of results. It was determined that: 


absorbance in ethyl ether 


absorbance in petroleum ether + 10% acetone 


Using this information and the specific absorption constants 
listed in A.O.A.C. (1951) for chlorophylls a and b, the follow 
ing constants were calculated: 


Specific absorption constants in petroleum 
ether containing 10% acetone 
Wavelength 


(mas) chlorophyll a chlorophyll b 


2.6 44.6 
A 7 


600 
642.5 1 
560 7 


These constants were used to calculate the amounts of chloro- 
phyll @ and b in chromatographed extracts of the uncooked 
vegetables. Constants for changes in absorbance upon conver 


3 
Ke 
yy 
++ 
bar 
4 
3 
> 
4 
q 
+ 
4 
nie 
a 
ot 
|| 5.8 8 
7.0 6 4 
15.2 6.0 8 
16.3 6.0 19 
9) 21.2 6.8 15 


pH EFFECT ON CHLOROPHYLL IN VEGETABLES 


sion of the chlorophylls were then caleulated, using the same 
method as for total chlorophyll (Sweeney and Martin, 1958). 
These constants were used for caleulation of the amounts of 
the chlorophylls and pheophytins in chromatographed extracts 
of the cooked vegetable. 


RESULTS 


Total chlorophyll. Table 2 shows data on mean values for 
percentage retention of chlorophyll in 6 vegetables. Also 
shown are pH values obtained on the cooked and uncooked 
vegetables. In general, vegetables showing the highest per- 
centage retention as received, also had the best chlorophyll re- 


Table 2. Percentage retention of chlorophyll in frozen vege- 
tables as affected by pH. 


Uncooked Cooked * 


Chlorophyll 


Chlorophyll 
retention » 


retention 

Vegetables N 
Spinach 90.0 2 
Peas 89.8 J 6 
Broccoli 81.4 9 
Fordhook iima beans 72.5 1 
‘ 
‘ 


Green beans 76.6 


69.0 


*The cooking time in each case was that required for optimum 
texture. 

» Mean of 64 samples 

© Mean of 4 samples for all vegetables except green beans; values for 
green beans, mean of 10 samples 


tention when cooked. As would be expected, there was a rela 
tionship between pH and chlorophyll stability since spinach 
and green peas, which were best in chlorophyll retention, also 
had the highest pH. Conversely, brussels sprouts and green 
beans, which were lowest in pH when cooked, were also lowest 
in percentage retention of chlorophyll. 

Chlorophyll a and b. In Fig. 1, the percentages of chlorophyll 
retained as chlorophyll a are plotted against cooking time. In 
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Fig. 1. Effect of cooking time on retention of chlorophyll a. 


general, results are similar to those obtained with total chloro- 
phyll. Spinach and green peas, high in retention of total 
chlorophyll, were also highest in the percentage retained as 
chlorophyll a. Green beans and brussels sprouts, again, were 
lowest. 

The results indicate that destruction of chlorophyll a was 
the principal factor responsible for loss of color in cooked 
green vegetables. Table 3 shows values for the percentage 
retention of chlorophyll a and chlorophyll b in broccoli cooked 


Table 3. Retention of chlorophyll a and chlorophyll b in 
cooked broccoli. 


% Chlorophyll retention 

Cooking time — nil 
(min) Chlorophyll Ohlorophyll a Chlorophyll b 
82.5 78.7 
58.9 45.2 
35.1 
18.4 57.6 


3 
3.7 


for various periods. The greater stability of chlorophyll t 
than of chlorophyll a is evident. 

Since there were striking differences in chlorophyll a sta- 
bility in vegetables such as spinach or green peas, pH 6.7-7.0, 
as compared to brussels sprouts and green beans, pH 6.0-6.3, 
it appeared that the pH range between about 6 and 7 might be 
critical in maintaining the stability of chlorophyll a. 

This relationship was therefore investigated further. Sam- 
ples of frozen green beans were cooked for various perioés in 
water containing no additive, and in water to which either 
monosodium glutamate or citrate-phosphate buffer had been 
added for control of pH. The cooking methods used are de 
scribed above. 

Effect of pH adjustment on color retention. Fig. 
color-differenece meter readings on cut green beans cooked in 
water containing additives for control of pH. Comparisons are 
made with the color of uncooked green beans and green beans 
eooked in water containing no additive. 


2 shows 
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Fig. 2. Effect of chemical additives on color retention in cut 
green beans when cooked. 


The use of monosodium glutamate caused some increase in 
pH and ecolor-difference meter values. The citrate 
phosphate buffer caused a greater increase in both pH and 
values. 

Fig. 3 shows the effeet of pH on chlorophyll a retention and 
in/by values of French-style green beans. The pH values 
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Fig. 3. Effect of pH adjustment on retention of chlorophyll 
in frozen green beans when cooked. 


shown, 6.4, 6.9, and 7.0, are values obtained on vegetables 
cooked in liquids buffered respectively at 6.2, 6.6, and 6.9. 
Retention of color in cooked green beans improved with each 
increase in pH of the buffer. This is indicated by higher re 
tention of chlorophyll a (50% in green beans cooked in water 
buffered at pH 6.9, compared to 35.5% in water containing no 
additive) and by a corresponding increase in ar/bi values, 
from 0.49 to 0.71. 

Fig. 4 shows color-difference meter ar/bi values and panel 
flavor scores obtained on frozen green beans cooked in water 
buffered over the range pH 6.4 to 8.4. Buffers of pH greater 
than 7 resulted in little further color improvement and pro- 
dueed a sharp decrease in panel flavor scores. 

Fig. 5 shows color and ascorbie acid determinations made 
on fresh green beans cooked in liquids buffered over the range 
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Fig. 4. Effect of pH adjustment on color and flavor of frozen 
green beans when cooked. 
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Fig. 5. Effect of pH adjustment on color and ascorbic acid 
in fresh green beans when cooked. 


6.4 to 8.4. As with frozen green beans, buffers of pH greater 
than 7 resulted in only slight additional color improvement. 
The pH of the buffer over the range studied appeared to have 


no adverse effect on aseorbic acid retention. 


The cooking time required for optimum texture of green 
beans decreased as the pH of the buffer used in the cooking 
liquid increased. For frozen green beans, the range was from 
15 min for the control sample to 3 min for green beans cooked 
in water buffered at pH 8.4. For fresh green beans, it was 20 
minutes for the control sample and 10 minutes for that buffered 
at pH 8.4. 


Table 4. Effeet of buffer pH on pH of cooked green beans. 


Cooking time pH cooked 
(min)* pHi buffer vegetable 


Frozen 15.0 
10.0 
7.0 
5.0 
5.0 
5.0 
4.5 
3.0 
1.8 
20.0 
17.0 
10.0 
10.0 
10.0 


* Cooking time for optimum texture. 


With both frozen and fresh green beans the effectiveness of 
the buffer decreased with increasing pH (Table 4). Thus, a 
buffer of pH 6.4 resulted in a vegetable pH not greatly dif- 
ferent from that of the buffer. On the other hand, frozen and 
fresh green beans cooked in buffers of pH 8.4 had respective 
pH values of but 7.20 and 6.65. 
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In the transmission of liquid foods and bever- 
ages, Tygon B 44-3 plastic tubing offers the 
food processor assured freedom from toxicity, 
visual inspection of flow, simple set-up and 
dismantling, easy and positive cleaning, tough- 
ness, flexibility and long life. 


Tygon flexible plastic Tubing B44-3 is available in 66 sizes from 
Vig" i.d. to 4” i.d. Every foot is branded for your protection. Specify 
. insist on... Tygon. Write for Bulletin T-100. 


A PRODUCT OF THE U.S. STONEWARE CO., AKRON 9, OHIO 
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Exactly what does that mean to you? 


A great deal. Producing the biggest enzyme 
family means that Takamine can recommend 
the precise enzymatic activity best suited to 
your particular job, whether it’s starch con- 
version, proteolysis, removal of pectins, glu- 
cose or oxygen removal, or others. 


Refined manufacturing techniques have re- 
sulted from this broad experience with en- 
zymes. This means we can achieve the exact 
enzymatic activity required for specific jobs 

. and maintain its uniformity, batch after 
batch after batch. 


So if you now use enzymes to enhance 
flavor, guard color and stability, lengthen 
shelf life or speed processing . . . or if you sus- 
pect you could use enzymes profitably . . . let 
us recommend a Takamine enzyme for the 
job. We don’t believe you can find enzymes ™ 
more precisely matched to your needs any- 


where. 
1-2-1 


MILES Chemical Company 


» Division of Miles Laboratories,Inc. Elkhart, Indiana~—COngress 4-3111 


% TA K A ye : N t » Clifton, N. J.— PRescott 9-4776 + New York, N.Y¥.— MUrray Hill 2-7970 
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The Effects of Smoking and Smoking Temperatures on the 
Shrinkage, Rancidity Development, Keeping Quality, 


and Palatability of Dry-Cured Hams’ 


Manuscript received December 3, 1960 


SUMMARY 

A total of 150 hams in two trials were dry-cured, with 
one group not being smoked and the other groups being 
heated during smoking to 80-140° F. All hams were stored 
6 months at 65° F with a relative humidity of 55-60%, 
and then cut, observed for soundness, analyzed for salt 
content, and tested by a palatability panel. During aging, 
shrinkage was calculated and fat analyses were made for 
iodine numbers, peroxide numbers, and free fatty acid 
values. Seam fat was analyzed at 6 months in trial 2. 
Shrinkage increased with aging, and tended to increase 
with higher smoking temperatures, especially above 120° F. 
lodine numbers showed no definite pattern. Peroxide num- 
bers increased with aging, but increased faster in the un- 
smoked hams, followed by a smaller increase with an 
increase in temperature. Free fatty acids also increased 
with aging, but increased less as smoking temperature 
increased. Free fatty acid values of seam fat were lower 
but followed the same pattern. Hams smoked below 110°F 
were similar in desirable appearance and aroma and were 
sounder than those smoked above 110° F. Hams smoked 
above 110° had a lighter color, less pronounced aroma, 
and more undesirable green spots and deteriorated areas. 
Palatability scores were similar except that the higher 
smoked groups were more tender. 


has been considerable 
in recent years in the production of dry-cured, aged 
country hams in Kentucky and other southeastern 
states. Most early work with hams was concerned 
with the curing and aging processes. Methods vary 
considerably, causing a great variation in ham qual- 
ity, as shown by Bedenbaugh and Richmond (1951), 
Brady et al. (1949), Ceeil and Woodroof (1954), 
Fields et al. (1955), Hunt et al. (1939), Miller and 
Ziegler (1936), and Weir and Dunker (1953). 

The methods for determining ham quality are 
mostly subjective. However, sampling procedures 
and chemical tests that objectively measure certain 
traits of ham quality have been described by Beasley 
and Carroll (1942), Blumer (1954), Hunt ef al. 
(1939), and Kemp et al. (1957). Jensen (1949) re- 
ported that smoking cured meats has many advan- 
tages. Dunker and Hankins (1951), however, reported 
that only about 50% of the farmers who dry-cure 
meat also smoke it. These smoking procedures were 

* This paper is from a project of the Kentucky Agricultural 
Experiment Station and is published by permission of the 


director. 
» Present address: Department of Animal Husbandry, Uni 
versity of Missouri, Columbia. 


James D. Kemp, 
William G. Moody ” and 
James L. Goodlett 


University of Kentucky, Lexington 


carried out under various conditions of time and 
temperatures. Some preliminary work at the Univer- 
sity of Kentucky showed that high-temperature 
smoking was detrimental to proper aging. Therefore, 
this project was designed to study the effect of 
smoking and smoking temperatures on shrinkage, 
rancidity, keeping quality, and palatability of dry- 
cured hams aged under controlled conditions of tem- 
perature and humidity. 


EXPERIMENTAL PROCEDURE 


Two trials were conducted. In Trial 1, 90 hams weighing 
13-16 pounds were obtained from Duroe and Hampshire hogs 
of the Kentucky Agricultural Experiment Station. They were 
eured for 21 days, using 10 lb of a mixture of 7% lb salt, 2% 
lb white sugar, 2 oz potassium nitrate, and 1 oz sodium nitrite 
per 100 lb of ham. The mixture was rubbed uniformly over the 
hams on the initial, third and sixth days of euring. At the 
end of curing the hams were assigned to 5 groups of 18 hams 
each. Group 1 was wiped with a clean cloth to remove excess 
salt and was hung in the aging room. The other groups were 
washed with cold water, soaked 1 hr in a bath of lukewarm 
water, and hung to dry in the smokehouse. Groups 2, 3, 4, and 
5 were smoked for 16-20 hr until they reached a pecan brown 
color and until they reached respective internal temperatures 
of 95, 110, 125, and 140°F. These temperatures were measured 
by inserting the probe of a recording thermometer into the 
center of the cushion of a representative ham. Heating and 
smoking were done in an electrically heated smoke cabinet 
using hardwood sawdust. The smoked hams were allowed to 
cool to room temperature in the smokehouse, placed in an 
aging room at 65°F with a relative humidity of 55-60%, and 


aged for 6 months. 


\'l hams were weighed to the nearest 0.01 lb when fresh, 
after curing, after smoking, and at monthly intervals during 
aging. Fat samples weighing 0.04-0.12 lb were removed as 
described by Kemp et al. (1957) from the fresh, cured, and 


smoked hams and after 2, 4, and 6 months of aging. These 
samples were then rendered by the method of Kemp et al. 
Peroxide numbers, free fatty acid values, and iodine numbers 
were determined on the rendered fat samples. 

The aged hams were cut and observed for color and sound- 
ness. Three adjacent 44-in. center slices were removed from 8 
hams of each group. Two were used for palatability studies, 
and the third was analyzed for salt (NaCl). The slices were 
broiled in an electric oven, served to 8-12 panel members so 
that each member received a duplicate coded sample, and 
evaluated for flavor, saltiness, tenderness, and over-all satis- 
faction on a hedonic seale as described by Peryam and Pilgrim 


(1957). Results were analyzed by analysis of variance, using 
the method of Snedecor (1956 
Trial 2 included 6 groups of 10 hams each that were cured 


as in trial 1. Group 1 was not smoked, whereas groups 2, 3, 4, 
and 5 were heated to respective internal temperatures of 80, 
90, 100, 110, and 120°F while smoking. Aging, weighing, fat 
sampling and rendering, analysis of outside fat, observation 
for color and aroma, and palatability testing were similar to 
trial 1 except that all hams were cut, observed, and tested. In 
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Table 1. Mean values for ham shrinkage. 


Period of aging* (months) 


Temp. 
(°F) ‘ured Smoked 


Trial 1 
No smoke 2.44 eo 17.06 20.47 
95 2 5 17.94 20.74 
110 2.52 8.46 17.36 20.61 
125 3 7 19.19 22.49 
140 2.4 9.76 19.40 23.11 


Trial 2 
No smoke ions 16.10 19.96 
3.96 15.38 19.01 
90 ‘ 92 17.02 20.79 
100 3.40 16.48 19.97 
110 2.61 15.44 18.84 
120 3.78 9. 18.13 22.08 


* Significant increase (P < .01) for each period of aging in both trials. 
» Significant (P < .01) effect of smoking temperature on shrinkage in trial 2 only. 


addition, seam fat was obtained from the shank portion, ren- tended to decrease. This did not hold true in trial 2, 
dered, and analyzed for free fatty acids. however. It should be noted, however, that the tem- 
RESULTS AND DISCUSSION peratures were not so high in trial 2. Peroxides are 
intermediate products that readily break down into 
Shrinkage was affected similarly in both trials products such as aldehydes and ketones. As aging 
( Table 1). In both trials there was a significant in- inereased, peroxides increased significantly (P < .01), 
crease in shrinkage with each aging period (P < .01). indicating that peroxide formation was faster than 
Hams smoked to the higher temperatures tended to peroxide degradation. 
shrink more during smoking and aging. This was 
ae significant in trial 1 but — significant (P < .01) Table 3. Mean free fatty acid values in outside fat. 
in trial 2. However, the increase in shrinkage was not a ae ee So 
in direet proportion to an increase in smoking tem- Sintieteeene Ported of aging® (msenths) 
perature. It was due mostly to additional shrinkage ’ Cured Smoked 
during smoking and only a slight increase during a 
aging. 95 
Iodine numbers. lodine numbers from all groups — 
indicated that the fat was firm. During curing and 140 
aging the iodine numbers changed but followed no Trial 2 
definite pattern, indicating no reliable relationship No smoke , 


12 

between smoking temperatures and aging and iodine 90 “14 
13 

1 


to tet 
co 


numbers. 100 
110 1 


Peroxide numbers. Peroxide numbers in both trials 120 3 
were affected by smoking, smoking temperature, * Significant difference (P <.01) in both trials due to aging. 
aging period, and interaction between temperature » Significant difference (P <.01) in both trials due to temperature. 


and period. Table 2 summarizes the peroxide num- 

bers. In both trials the antioxidant effeet of smoke is Free fatty acids. Free fatty acids (Table 3) showed 
very noticeable. In all cases the unsmoked hams a significant (P < .01) steady inerease with each 
showed significantly higher (P < .01) peroxide values period of aging, a significant decrease (P < .01) with 
at all periods after aging. Temperature also affected increase in temperature, and a significant (P < .01) 
development of peroxide values. As smoking tem- interaction between period and temperature. Un- 
peratures increased, the development of peroxides smoked hams developed the most free fatty acids. 
These results were similar in both trials. In trial 1, 
Table 2. Mean peroxide values. where the hams were heated to 125 and 140°F, there 
was a noticeable lack of free fatty acid development. 
Since free fatty acids are associated with ham flavor 
‘sah a8 (Blumer, 1954), it seems that high-temperature smok- 
No smoke 93 23.3: ing would be undesirable if flavors are to develop 

Free fatty acid content was determined on the 
seam fat of hams in trial 2. Table 4 summarizes the 


Period of aging (months) 
Temperature 
(°F) Cured Smoked 2 4 6 


Trial 2* 
No smoke 
ao 
90 
100 
110 
120 2.48 


= 


Table 4. Mean free fatty acid content of seam fat from 
hams aged 6 months in trial 2. 


‘ 


5 
3 
0 3 


” 

Temperature 

. (°P) No smoke 80 90 100 110 
* Significant difference (P < .01)—-except in trial 1, where P < .05 FFA value 5.08 3.60 3.50 3.51 2.93 

for temperature—due to temperature, periods, and interaction between 

temperature and periods. * Significant decrease (P < .05) with increase in temperature. 
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results. The trend was the same as in the surface fat. 
There was a significant difference (P < .05) due to 
temperature of smoking, although the values were not 
as high and the differences were not as great as in the 
outside fat. It again shows that temperature of 
smoking inhibited free fatty acid development. 

Salt content. The salt content of the center slices 
was greater in trial 1 than in trial 2. All hams were 
cured alike at the same temperature and for the same 
time. There was no humidity control in the curing 
room, however, so that more salt may have been lost 
during curing in trial 2. There is no apparent reason 
for a greater salt content in the 95° group, for the dif- 
ference in shrinkage would not aceount for that much 
difference in salt content. 


) 


Table 5. Mean salt content of lean after 6 months of aging. 


% NaCl at various temperature (°F) 


Trial 1 No smoke 95 110 125 140 
6.52 7.04" 5.72 §.72 5.70 

Trial 2 No smoke 80 90 100 110 120 
4.39 4.45 5.04 4.67 4.74 5.16 


* Significant difference (P < .05) when compared with those smoked 
at higher temperature in trial 1 only 


Ham quality and appearance. After the hams were 
aged 6 months they were cut and observed for sound- 
ness, color, and aroma. Color ratings were dark red, 
red, light red, dark pink, pink, and light pink, re- 
spectively rated 6, 5, 4, 3, 2, and 1. Aroma ratings 
were typically aged, moderately aged, and slightly 
aged, respectively rated 3, 2, and 1. Hams smoked to 
temperatures above 110°F showed numerous green 
spots and a few deteriorated spots. These deterio- 
rated spots are shown in Figs. 1 and 2. Table 6 shows 
the color and aroma scores and number of hams with 
spots or deteriorated places. In trial 1 there was a 
break in both color and aroma scores between 95°F 
and 110°F. In trial 2 the break came between 110 and 
120°. It appears that 110°F is about the maximum 
internal temperature that hams should attain in 
smoking if they are to remain sound and develop 
proper color and aroma during aging. 


Fig. 1. Cross section of unsmoked hams and hams smoked at 
95, 110, 125 and 140°F. 


| 


Fig. 2. Cross section of hams smoked at 95 and 140°F. 


Palatability tests. Center slices from 8 hams of each 
group in trial 1 and all hams in trial 2 were broiled 
and tested by a palatability panel of 8-12 members in 
trial 1, and 6-8 members in trial 2, The hams were 
scored on a hedonic seale for flavor, saltiness, tender- 
ness, and over-all satisfaction. Duplicate coded sam- 
ples from the same muscle (either the semitendinosus, 
semi-membranosus, or biceps femoris) were used for 
each panel member. The numerical ratings used were: 
9 (like extremely), 8 (like very much), 7 (like moder- 
ately), 6 (like slightly), 5 (neither like nor dislike), 4 
(dislike slightly), 3 (dislike moderately), 2 (dislike 
very much), and 1 (dislike extremely). When hams 
showed green or deteriorated spots the spots were cut 
away before broiling so that only sound meat was 
tested. Table 7 gives the mean results. There were no 


Table 6. Mean color and aroma scores. 


Temperature (°F) 


Trial 1 No smoke 95 110 125 140 
Color score* 5.5 5.8 4.8 2.7 14 
Aroma score” 2.9 2.9 2.3 1.2 1.0 
No. of hams with 

green or deteriorated 

spots 1 1 1 6 9 


Temperature (°F) 


Trial 2 No smoke 80 90 100 110 120 
Color score® 5.1 5.1 5 5.1 4.9 4.0 
Aroma score ” 3.0 2.9 2.8 3.0 2.9 2.6 


No. of hams with 
green or deteriorated 


spots i 0 0 2 2 6 
*1, light pink; 2, pink; 3, dark pink; 4, light red; 5, red; 6, dark 
red 
» 1, slightly aged; 2, moderately aged; 3, typically aged. 
Table 7. Mean palatability scores. 


Temperature (°F) 


Trial 1 No smoke 95 110 125 140 
Flavor 6.59 6.96 6.86 6.97 6.67 
Saltiness 6.74 6.72 6.89 6.99 6.94 
Tenderness 6.38 6.69 7.21 7.64 7.86" 


Trial 2 No smoke 80 90 100 110 120 
Flavor 7.27 7.52 7.33 7.42 7.42 7.36 
Saltiness 7.01 7.27 7.00 7.25 7.26 7.02 
Tenderness 6.36 7.08 6.66 6.93 7.28 7.318 


* Tenderness significantly affected (P <.01) by temperature. 
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significant differences in flavor or saltiness. The hams 

smoked to the higher temperatures were significantly 

(P < .01) more tender, though all hams rated above 

6 (like slightly). 
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Gas Liquid Chromatographic Analysis of 


Capsicum Amides 


SUMMARY 


Gas chromatographic analysis of methyl esters of the fatty 
acids found in Capsicum pungent amides is capable of dis 
tinguishing between mixtures of naturally occurring and syn 
thetic products. A small amount of an amide other than 
eapsaicin is indieated in the natural product, with the propor 
tion of this amide being greater in C. annuum than in C. 
frutescens. The results of the gas chromatographie analysis 
coincided with the interpretation of the infrared spectra. 


Tue DRIED FRUITS of two species 
of Capsicum are widely used for flavoring, and since 
they are generally recognized as safe by the United 
States Food and Drug Administration (Federal 
Register, 1960), they are certain to continue to be 
important ingredients in foods. 

The pungeney of Capsicum varies widely between 
varieties and between seasons, and in order to have 
uniform flavoring effects it is necessary to adjust 
formulations to take these variations into account. A 
number of procedures have been suggested for assay- 
ing for capsaicin, the pungent principle (Joint Com- 
mittee of the Pharmaceutical Society, 1959), and the 
present paper is a result of an investigation to deter- 
mine the cause of inconsistencies when one of these 
procedures was used in commercially available oleo- 
resin Capsicum samples. 

The method described here involves isolation of the 
pungent principle in a relatively pure form from the 


sample of oleoresin or ether extract, preparation of 
the methyl ester of the fatty acid portion of the 
capsaicin, and identification of the fatty acid or acids 
present by gas chromatographic analysis. The identi- 
fication of capsaicin is positive, and once the absence 
of analogs is established, one of the procedures for 
determining capsaicin content may be used with 
accuracy. 

The structure of capsaicin was shown by Nelson 
and Dawson (1923) to be the vanillyl amide of iso- 
deeylenic acid: 


no-¢ 


In the United States, the most common means of 
estimating the pungency of Capsicum is an organo- 
leptie procedure introduced by Seoville (1912). This 
procedure will, of course, register the presence of any 
pungent material, but it will not differentiate cap- 
saicin from other pungent substances, and the ac- 
curacy of the method is limited and not very repro- 
ducible between laboratories. Other methods have 
utilized the complexing ability of the phenolic hy- 
droxyl group and the susceptibility of the aromatic 
nucleus to substitution by chromophoric substituents 
(Joint Committee of the Pharmaceutical Society, 
1959). 


3 
gh 
| 
7 
ape 
— 
ay 
a4 
4 
; \ 
é 
4 
<8 
ve 


tk 


No, But She Knows What She Likes! Somehow she could never bring herself to try snails. But she’s famous for her chicken fricassee 
and dumplings. Tasty food is important to her. To her? To everybody. The public stays stubbornly away from foods that miss on flavor. The 
public stays stubbornly loyal to foods that are flavored by Felton! Why? Because Felton works with all the standard ingredients of flavor 
plus one: creativity. This flavor creativity makes taste buds flower to their fullest satisfaction; develops steady customers, steadily growing 
sales. Send for the man from Felton. He'll put this creativity to work for you! Felton Chemical Company, Inc.,599 Johnson Ave., Brooklyn 37,N. Y. 
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Gelatin is versatile. It is a functional food. It can be used 
as a binder . . . protective colloid . . . coating . . . jelling 
agent . . . emulsifying agent . . . stabilizer. In addition, 
gelatin adds food value while it performs these functions. 


Swift & Company offers a choice of a wide range of spe- 
cialized gelatins to meet your most exacting requirements. 
Each type is carefully made to provide the desired quali- 
ties. Each type is uniform from batch to batch because 
every lot is tested before shipment. Swift gelatins are char- 
acteristically high in strength, too, for greater economy 
in most uses. 


Start now to investigate the ways that gelatin may im- 
prove your product or process. We invite your inquiry. 
Write or call us. 
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SWIFT & COMPANY, GELATIN DEPARTMENT 
1215 HARRISON AVENUE, KEARNY, NEW JERSEY 
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Suzuki et al. (1957) described a procedure utilizing 
the ultraviolet absorption peak of capsaicin recovered 
from an oleoresin by chromatographic separation. 
This method was used with excellent reproducibility 
in this laboratory on samples of Capsicum known to 
be authentic. A comprehensive review of this and 
similar procedures was published recently (Joint 
Committee of the Pharmaceutical Society, 1959). In 
this investigation, however, it was found that these 
procedures did not differentiate between capsaicin 
and its synthetic analogs, and it was therefore sub- 
ject to reservations unless capsaicin was positively 
identified and the presence of other amides ruled out. 

Since the amides of vanillyl amine and fatty acids 
such as pelargonic can be made easily and cheaply, 
they offer attractive adulterants for Capsicum. Since 
these amides do not have the same pungency as cap- 
saicin, it is necessary to know of their presence if 
chemical and organoleptic procedures are to be re- 
lated. In addition, since these amides have toxic 
properties (Nakajima, 1946), it is desirable to know 
that they are not present in Capsicums used as food 
flavor. 

An earlier paper (Todd, 1958), described a simple 
procedure that was capable of distinguishing between 
the amides of capsaicin and those of saturated fatty 
acids. It is apparent, however, that the amides of un- 
saturated fatty acids could not be distinguished from 
capsaicin by this procedure, and this work was un- 
dertaken to provide a means of determining the 


specific’ fatty acid or acids present in the pungent 
amides of a Capsicum sample. 


EXPERIMENTAL 


Separation and crystallization of the pungent amide from the 
oleoresin or ether extract. The method follows that of Schenk 
(1955), which takes advantage of the very favorable separation 
of the pungent amides from fats, fatty acids, and pigments, 
using a two-phase solvent system of 80% methanol and paraffin 
oil. Fifty g of oleoresin and 50 g of paraffin oil are mixed, 
and extracted in a separatory funnel with 500 ml of 80% 
methanol. The methanol extract is passed through a 2.8 » 
20-em column of 1% activated chareoal (Dareo KB) mixed 
with basic alumina, and the colorless portion of the eluate 
(about 400 ml) collected. This is evaporated under vacuum to 
about 50 ml and extracted with five 50-ml portions of ether. The 
combined ether extracts are dried with sodium sulfate, and the 
ether evaporated. (If the ether extracts are slightly colored, 
they should be decolorized with a pinch of charcoal before 
evaporation.) The residue from the ether is oily but almost 
pure amide, which can be used directly for preparation of 
esters of the fatty acid portion of the molecule or reerystal- 
lized for use in infrared spectrophotometry. 

Crystallization of amides. A saturated solution of the amide 
in hexane is prepared by boiling the amide in hexane for 
several minutes (about 300 mg of amide to 100 m) of hexane). 
The saturated hexane is decanted from undissolved amide and 
added to an equal volume of boiling hexane. This is allowed 
to stand at room temperature in a closed container to effect 
erystallization, which may take 12 hours. If difficulty in erys- 
tallization is encountered, seeding with erystals of a previously 
prepared amide and cooling to 0° will help. 

Preparation of methyl esters of the fatty acid from the 
amide. One-tenth to one gram of the pungent amide prepared 
is dissolved in 25 ml of absolute methanol, 2 ml of concentrated 
sulfurie acid are added, and the mixture allowed to reflux for 3 
days. The solution is cooled, and 100 ml ‘of petroleum ether 
added. This mixture is then neutralized rapidly with saturated 


sodium bicarbonate solution until effervescence stops. The 
petroleum ether layer is separated, dried with anhydrous sodium 
sulfate, and filtered, and the petroleum ether removed from the 
fatty esters by distillation. Complete removal is not necessary, 
of petroleum fractions will not 
affect the gas chromatographic analysis. 

Gas chromatography. The instrument used has a katharometer 
as detector, and a 250-em glass column. Packing was 18% w/w 
Ueon 75-H-90,000 (Union Carbide) on Chromosorb ‘‘P,’’ 35- 
80 mesh. Detector cell temperature was 150°, earrier gas 
helium 35 ml/min, at 10 lb pressure, and injection and column 
temperature 184°, Other packings, such as Carbowax 20,000, 
were equally satisfactory, as were column temperatures be- 
tween 170 and 205°. Two to six wL of sample were injected, 
depending on the concentration of petroleum ether in the ester. 
Retention times were measured for the ester peaks, and the 
logarithm of retention time plotted against chain length for 
various fatty acids. Areas of peaks were determined with a 


since small amounts (50% 


planimeter. 


ANALYSIS AND DISCUSSION OF RESULTS 


It has been established that the logarithm of reten- 
tion time (or retention volume) vs. chain length gives 
a straight line for methyl esters of saturated fatty 
acids (Keulemans, 1959). This provides a means of 
identifying a saturated fatty acid by retention time 
of its ester, if a plot is made for several known esters 
under the same chromatographic conditions. The 
location of peaks of esters made from Capsicum 
amides will likewise identify the acids present in rela- 
tion to known fatty acids. 

In this work, methyl esters prepared from six- to 
ten-carbon straight-chain saturated fatty acids were 
chromatographed individually and as a mixture. The 
ester of 10-undecenoic acid was also prepared. Fig. 1 
plots retention time vs. chain length. 


X: Straight Chain 
C1, Co: Capsaicin 
U: 10-Undecenoic 


LOG RETENTION TIME, Arbitrary Units 


NUMBER OF CARBON ATOMS 
STRAIGHT CHAIN 


Fig. 1. Relationship of number of carbon atoms in saturated 
straight-chain fatty acid methyl esters to retention time, and 
relative retention times of capsaicin esters and 10-undecenoic 
ester. 
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Synthetic capsaicin analogs were made by con- 
densing vanillyl amine and the acid chlorides of 
pelargonic and 10-undecenoic acids. The methyl 
esters prepared from these amides had the same reten- 
tion times as the esters prepared directly from the 
respective acids. 

A chromatogram of the methyl esters prepared 
from a sample of crystalline capsaicin showed two 
peaks, designated ¢; and ¢s. ¢, decreases relative to 
¢2 with recrystallization, indicating that the main 
peak is that due to isodecylenic acid. 

The retention times of the two capsaicin ester peaks 
are shown in the plot in Fig. 1. ¢; may be a fatty 
acid homologous to isodeeylenic, but one carbon 
shorter. No attempts were made to identify this ester 
further at this time. 

It should also be mentioned that there was an indi- 
cation of an ester with a retention time between ¢ 
and ¢2 in the ester prepared from unerystallized 
capsaicin, but that this peak was so small as to be 
indefinite. 

To determine the applicability of this method of 
analysis to various types of Capsicums, a number of 
varieties were extracted and analyzed. All samples 
gave two peaks, with the relative amount of ¢, being 
greater in the varieties classified under the species 
annuum. These results are summarized in Table 1. 


Table 1. Effect of Capsicum species on proportion of c, fatty 
acid to c, fatty acid, and the location of the ethylenic stretch- 
ing mode in the infrared spectra of their capsaicin. 


Location of stretching 
mode peak 


% total area of 
esters in c, peak 


Capsicum frutescens 
Mombassa 970 
Sudanese mi 970 


Capericum annuum 
Hungarian 970 
Oarolina long 970 


The method was also applied to samples of oleoresin 
Capsicum obtained through commercial channels. 
The results are in Table 2. Sample 1 is the same ma- 
terial in which pelargonamide was identified in a 
previous paper (Todd, 1958), and its presence is 
again confirmed. 


Table 2. Fatty acid esters observed in commercial oleoresins 
of Capsicum. 


Normal saturated fatty acids with 
earbon atoms numbering 
Sample and 
No. (Capsicum peaks ) 


Attempts were made to utilize infrared spectra to 
corroborate the findings further. Capsaicin in CCl, 
was found to have a peak at 970 em~, and the vanilly! 
amide of 10-undeeenoic acid was found to have a peak 
at 913 em-' on a Beckman IR-5. The latter peak is 
obtained from 10-undecenoie acid itself, and has been 
interpreted as the olefinic C-H stretching mode. No 
peak in this region is observed with the pelargonic 
acid derivative. The amide must be recrystallized be- 
fore infrared spectra are run, since the crude amide 
used in preparation of the ester may contain inter- 
fering substances. 

In all samples in which the ehromatographiec analy- 
sis showed capsaicin to be absent, the infrared spec- 
trum of the amide did not show a peak at 970 em". 
In those samples containing capsaicin alone or in com- 
bination with other amides, the infrared spectrum 
showed this peak. 

Since the peak at 970 em=! appears to be unique to 
capsaicin, it is useful for determining the presence of 
capsaicin. However, infrared will not portray the 
presence of a mixture of fatty acid amides as will gas 
chromatography, and for this reason the gas chroma- 
tographic analysis provides the most information 
about the composition of a sample. 
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First International Congress of Food Science and 
Technology, to Be Held in London in September, 1962 


Tue IMPERIAL COLLEGE of Science 
and Technology, London, will house the meetings of 
the First International Congress of Food Science and 
Technology, scheduled September 18-21, 1962. 

The Congress has been designed to attract the fullest 
possible attendance of food scientists and technolo- 
gists from throughout the world. At the same time, 
the oceasion will afford the opportunity to establish 
future International Congresses, and other interna- 
tional activities. 

The London Congress will be of interest to indus- 
try because the program will include both the theo- 
retical and applied aspects in each of the four pro- 
gram sections. 

Although the London Congress is being organized 
by the host country, speakers and participants will 
come from many countries. Their papers will cover 
these general fields of interest: 

e Chemical and Physical Aspects of Foods 

e Biological and Microbiological Aspects of Foods 

e Quality, Analysis, and Composition of Foods 

e Manufacture and Distribution of Foods 


Because of the anticipated importance of the Lon- 
don meeting to IFT members, Food Technology is 
publishing the Congress Program. 


CONGRESS LECTURES 


Four, to be announced. 


CONGRESS SYMPOSIA 
Education and training of food scientists. 
Changing patterns of consumption of food (national and inter- 
national). 


Effects of modern agricultural practices on foods. 


SECTIONS 
SECTION A. Chemical and Physical Aspects of Foods 


Proteins 
Chemistry of muscle and connective tissue; related enzyme 
systems, 
Proteins of eggs and milk; related enzyme systems. 
Vegetable proteins. 
Carbohydrates 
Pectin, hemicelluloses, and plant gums; microstructure of 
cell walls. 
Cellulose, starch, glyeogen; related enzyme systems. 
Sugars, amino sugars, and glycosides: browning reactions, 
Fats 
Composition and properties of lipids, lipoproteins, earote- 
noids, and steroids. 
Deteriorative changes in lipids; raneidity, antioxidants, 
lipases, 
Phenolic and Related Substances 
Natural pigments. 
Tannins and lignins. 
Biochemistry of Ripening 
Fruits and vegetables. 
Seeds. 
Food Additives and Contaminants 
Preservatives and coloring matters. 
Toxicology. 


Radiation Preservation 
Chemical effects: flavor, odor, appearance. 
Effects on enzyme systems and nutritive value. 
Physics and Biophysics 
Biophysical techniques; e.g., electrophoresis, infrared spec- 
tra, light scattering, viscosity. 
Physies of drying, freezing, heat transfer, and evaporation. 
Physical properties of foods: rheology, emulsions, surface 
activity, osmosis. 


SECTION B. Biological and Microbiological Aspects of Foods 
Effect of Conditions of Husbandry and Cultivation on Qual- 
ity of Foods 
Fruit. 
Vegetables. 
Meat and fish. 
Oil seeds. 
Physiology of Maturation, Transport, and Storage of Foods 
Fruit. 
Vegetables. 
Meat and fish. 
Oil seeds. 
Food Preservation 
Preservation by traditional methods (e.g., sugar, salt). 
Inhibitory substances: natural and other inhibitory sub- 
stances. 
Physical methods. 
Microbial Ecology of Sound and Spoiled Foods 
Natural foods. 
Matured and stored foods (ineluding curing, pickling, ete. 
Hugiene 
Microbiological assessments of quality: fresh foods, frozen 
foods, processed foods. 
Food processing plant. 
Pest control. 
Waste-product recovery and utilization. 
Industrial Fermentations 
Accessory food substances. 
Other food substances and newer methods. 
Laboratory Techniques 
Isolation and identification of microorganisms. 


SECTION C. Quality, Analysis, and Composition of Foods 

Specialized Analytical Techniques 
Routine control, speed of operation, and microbiological 

assays. 

Detection and Determination of Minor Constituents 
Nutritional significance: vitamins, amino acids. 
Technological additives: antibioties, antioxidants, colors, 

emulsifiers. 

Adventitious contaminants: residues from agricultural 
pesticide treatment, residues from hormone implanta- 
tion, 

Application of Automation to Analysis and Quality Control 
A review. 

Subjective and Objective Methods of Quality Assessment 
Use of consumer surveys. 

Training and use of panels. 

Identification of flavor constituents. 

Measurement of texture. 


Establishment and Operation of Quality Control 
A review. 
Changes in Quality Due to Processing 
Heat. 
Dehydration. 
Freezing. 
Irradiation. 
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Samples on request 


F.RITTER & CO. 


GENERAL OFFICES: 

4001 Goodwin Ave., Los Angeles 39, Calif. 
Plants in Los Angeles, Chicago, III., 
and Anaheim, Calif. 

Ritter International 


a 
4 
= 


FOOD TECHNOLOGY, MAY, 1961 


Changes in Quality Due to Storage 
A review. 
Composition of Raw Materials and Manufactured Goods 
A review. 
Variation of Raw Materials in Relation to Food Processing 
Effects of feeding and hormone treatment on animal 
products, 
Effects of cultural treatment on vegetable products. 


SECTION D. Manufacture and Distribution of Foods 
Dehydration 

Effeets of selection of raw materials. 

Pre-treatments: fruits and vegetables, meats. 

Drying techniques: spray, drum, film, vacuum, freeze. 

Storage problems: gas and vacuum packing, antioxidants, 
in-pack desiccants, moisture content. 

Freezing 

Effects of selection of raw materials. 

Pre-treatments with special reference to blanching. 

Quick-freezing techniques: air blast, immersion, plate bulk 
freezing. 

Canning 

Effects of selection of raw materials. 

Pre-treatments. 

Canning techniques: continuous cookers, hydrostatic 
cookers, end-over-end eanning, hot-air sterilization, 
other heat-transfer media. 

Can design, including eorrosion and staining. 

High-speed filling and closing machinery. 

Post-processing infection. 

Pasteurization and Sterilization 

Gamma rays and fast electrons. 

Ultra-high temperature. 

High-frequency. 

Infrared. 

Micro-waves. 


Packaging 
Materials. 
Machinery. 
Special processes, e.g., vacuum and gas. 


Distribution 
Cold-storage design. 
Automatic vending. 
Fresh and frozen produets. 


General Problems in Food Factories 
Effluents. 
Hygiene. 
Instrumentation and control. 


Agricultural Processes 
Application of chemicals to crops. 
Mechanical harvesting. 
Mechanical grading. 
Manufacturing Processes 
Cereals. 
Bread and flour goods. 
Starch, sugar, and chocolate goods. 
Processed fats. 
Meat and fish produets. 
Fruit products. 
Vegetable products. 


During the Congress, arrangements have been made 
to visit food factories, universities, and government 
and industrial laboratories. Social events will include 
a reception and a banquet. 

Further information on the Congress may be ob- 


tained from the Honorary Secretary, First Inter- 
national Congress of Food Science and Technoloyy, 
14 Belgrave Square, London, 8.W.1. 


FUTURE MEETINGS FOR 
FOOD TECHNOLOGISTS 


1961 


May 15-18 Fourth International Congress on Canned 
Foods, Berlin, Germany (for information ad- 
dress M. Henri Cheftel, 71, Avenue Edouard 
Vaillant, Billaneourt (Seine), France. 

May 17-21 British National Association of Wholesale 
Distributors of Frozen Foods, Yorks and Old 
Swan Hotels, Harrogate 

May 24-26 Canadian Institute of Food Technology, Queen 
Elizabeth Hotel, Montreal 

May 30 Nutrition Society of Canada, Ontario Agri- 
cultural College, Guelph, Ontario 

June 5-9 Ninth National! Plasties Exposition, New York 
Coliseum 

June 13-16 3rd Biennial International Gas Chromatogra- 
phy Symposium, Kellogg Center, Michigan 
State University 

June 15-17 Shrimp Association of the Americas, Mexico 
City 

June 18-23 Association of Food & Drug Officials of the 
United States, Mayflower Hotel, Washington, 
D. C. 

June 27-30 American Home Economies Association, Audi- 
torium, Cleveland, Ohio 

June 19-23 42nd Annual Meeting, Pae. Div. Amer. Assn. 
Advancement of Science, Univ. of Calif., 
Davis. 

July 10-14 National Food Distributors Association, New 
York City 

Sept. 15-19 American Meat Institute, Palmer House, Chi- 
eago, Illinois 

Sept. 19-22 Australian Conference on Food Technology, 
C.S.1.R.0., Homebush, Australia 


Sept. 19-27 International Conference on Fish in Nutri- 
tion, Washington, D. C. 

Sept. 28-30 American Hotel Association, Washington, 
D. C. 

Oct. 7-12 Baking Industry Exposition, Convention Hall, 
Atlantie City 

Oet. 15-18 National Association of Food Chains, Palmer 
House, Chicago, Illinois 

Oet. 18-20 National Packaging Forum of Packaging In- 
stitute, Biltmore Hotel, New York City 

Oct. 24-27 American Dietetic Association, Jefferson 
Hotel, St. Louis 

Nov. 5-8 National Frozen Food Association, Bal Har 
bour and Americana Hotels, Miami Beach 

Nov. 6-10 National Hotel Exposition, Coliseum, New 
York City 

Nov. 1: Air Conditioning and Refrigeration Institute, 
Homestead Hotel, Hot Springs 

Nov. 15 British National Association of Wholesale 
Distributors of Frozen Foods—Annual Luneh, 
Trocadero, London 

Nov. 27- 28th Exposition of Chemical Industries, New 

Dee. 1 York Coliseum 

1962 

Feb. 9-11 Institute of American Poultry Industries’ 
33rd Annual Fact Finding Conference; Mu- 
nicipal Auditorium, Kansas City, Missouri 

June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 

1963 

May 19-23 Twenty-third Annual Meeting of the Institute 
of Food Technologists, Pantlind Hotel, Civic 
Auditorium, Grand Rapids, Michigan 


An open invitation is extended to readers of Foop Tsou NOLOGY to 
send in to the Editorial Office, P. O. Box 164, Davis, Oalifornia, notices 
of annual or national meetings of interest to food technologists. 
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International Food Technology 


In September, 1960, Dr. Siegfried S. Lichtblau as- 
sumed Directorship of the Food Industries Advisory 
Service (FIAS), 22 Jerusalem Boulevard, Jaffa, 
Israel. The Service is a consulting and information 
center which, according to Dr. Lichtblau in a recent 
letter, is supposed to develop into a central food insti- 
tution in Israel. 

Since assuming the post, several well-known scien- 
tists have visited the organization including Dr. 
Donald K. Tressler, who remained for ten weeks. Dr. 
Berton 8S. Clark is currently serving the FLAS in an 
advisory capacity with respect to the metallurgical 
side of canning. He will remain there until the mid- 
dle of July. 

According to Dr. Lichtblau, the FLAS is composed 
of 65 members, mostly industries, but also institutions 
like the new Sheraton Hotel in Tel Aviv. The organi- 
zation maintains a library, acts as a consultant, and 
is in contact with numerous sources of information 
about the food industry, both within and without 
Israel. 


International Food Technology 

The sixth symposium on materials of foreign origin 
in food was conducted in mid-October, 1960, at the 
National Center for Agronomic Research. Madrid, 
Spain. 

The seven-day conference was divided into several 
sections, with discussion of processing methods em- 
ploying bacteria, molds, yeasts, and enzymes, and the 
uses and residues of antibiotics in animals and poul- 
try. A large section was devoted to the relation of 
safety, purity, nutritional value and flavor to foods 
produced by fermentation. 

Some of the participants were: A. Barret, Ver- 

sailles, France; J. M. Rodriquez Bordolia, Seville, 
Spain; Edouard Brochu, Oka-La Trappe, Canada; H. 
Fink, Cologne, Federal German Republic; B. P. 
tddy, Cambridge, England; Claudio Antoniani, 
Milan, Italy; J. Hollo, Budapest, Hungary; G. Mae- 
kinney, Berkeley, California; and Tetuo Tomiyama, 
Fukuoka, Japan. 


Nominations for Packaging 
Awards Will Close May 15 


Nominations for two annual awards given by the 
Packaging Institute will close May 15. Candidates 
need not be Institute members. 

The Institute Corporate Award is given to the 
company which has made an outstanding advance in 
applied packaging technology. 

The Professional Award is given to the individual 
who has made an outstanding contribution to pack- 
aging technology. 

All nominations must be accompanied by ten copies 
of the original entry forni which may be obtained 
from the Packaging Institute, 342 Madison Ave., New 
York 17, N. Y. 


Translations of Three Soviet 
Fisheries Reports Are Issued 


A critical examination by Soviet scientists of 
theories on the pink salmon’s biennial life cycle, and 
a report of investigations into the biological factors 
responsible for fluctuations in the supply of this fish, 
are given in a Russian bulletin now available in Eng- 
lish from the Office of Technical Services, Business 
and Defense Services Administration, U. 8. Depart- 
ment of Commerce, Washington 25, D. C. 

Also available from the same source are transla- 
tions of two other papers, one on methods for in- 
creasing the supply of Amur pink salmon, and the 
other on processed smoked fish. 

The three reports are: 

Age of Pink Salmon and the Pattern of their Flue- 
tuations in Abundance, 60-21150. Translated from 
USSR Bulletin of the Pacific Research Institute for 
Fisheries and Oceanography, Vol. 41, 1954. 114 
pages, price $1.25. 

The State of Stocks and Means for Increasing the 
Number of Amur Pink Salmon, 60-21144. Trans- 
lated from Proceedings of the Conference on Prob- 
lems of Pink Salmon Economy in the Far East, No. 4, 
1953, Moscow. 35 pages, price 50 cents. 

Histological and Histochemical Investigation of 
Tissues of Smoked Fish, 60-21132. Translated from 
Fish Economies, Vol. 35, No. 2, 1959, Moscow. 8 pages, 
price 50 cents. 


REGIONAL NEWS 
CHICAGO 


Federal laws and regulations are a necessary part 
of the food industry, Dr. Imri Hutchings, president 
of the Institute of Food Technologists, told the Chi- 
cago Section of IFT during its February meeting. 

He, personally, is a strong supporter of the regula- 
tions of the Food and Drug Administration, Dr. 
Hutchings said, and his company, the H. J. Heinz 
Company, has been a willing cooperator with the 
federal office since its inception. 

However, there has been a change in the type of 
cooperation from the Food and Drug Administration. 
This change dates from the adoption of the Public 
Law 929, the Food Additives Amendment. ‘‘ There 
seems to be little need for this change in direction,’’ 
Dr. Hutchings said, ‘‘and I fear this is only the be- 
ginning of more stringent controls.’’ 

Dr. Hutchings reported that the former secretary 
of the Department of Health, Education and Welfare, 
Arthur Flemming, said that the Food and Drug Ad- 
ministration is responsible for maximum protection 
to consumers. Dr. Hutchings emphasized the word 
‘*maximum,’’ in Flemming’s declaration, noting that 
it was given no relation to economic feasibility. 

The problem is compounded by the attitude of con- 
sumers. *‘Maximum”’ protection sounds good to them. 
Dr. Hutchings quoted from a letter which appeared 
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in a ‘‘letters to the editor’’ column of a trade paper, 
a housewife was ‘‘thankful that Mr. Flemming had 
the courage to stand up against the big food manufac- 
turers who try to force their poisonous products on 
an unsuspecting public.’’ This woman, Dr. Hutchings 
said, is not alone. 

For example, at a Federal Law Institute banquet, 
Congressman John E. Fogarty said that his com- 
mittee had given the FDA several million dollars 
more than it had requested. He turned to a FDA 
representative on the speakers’ platform with him and 
said, ‘‘you ean have as much money as you want, to 
keep the food industry from poisoning the country.”’ 

The government, supported by popular approval, 
is prepared to move in and put the food industry 
under strict and stringent control, Dr. Hutchings 
believes. Statements made by the FDA on the stand- 
ards the food industry should meet, clearly imply a 
supposed inadequacy of the food industry and infer 
that the government will find it necessary to move in 
and take charge. 

In order to forestall such an‘action Dr. Hutchings 
advised his fellow technologists to face up to their 
responsibilities to the consumer to produce for qual- 
ity rather than just profit. ‘‘We as food technologists 
have a responsibility to keep our management in per- 
spective,’’ he said. Some technologists did not have 
enough guts to do this, he regretted. 

Further, he said, we must recognize that our food 
technologists must be well trained. ‘‘We don’t want 
food technology mills to grind out second-rate gradu- 
ates.”” As manager of food research for the H. J. 
Heinz Company, Dr. Hutchings said that he had 
great difficulty in finding individuals properly trained 
for technology. We are not training well-rounded 
technologists at the present time, he said. He felt 
that higher qualifications were necessary. 

Better liaison is necessary between the food indus- 
try and federal agencies. The recent fiasco with FDA 
Red No. 1, which was recently and publicly taken off 
the approved list for use in foods such as maraschino 
cherries, has led Dr. Hutchings to believe that the 
action was taken out of ignorance. The FDA needs 
help in getting more information. He said that a 
group of technologists will serve as consultants to 
FDA. 

Finally, each technologist should take an active 
part in general public education. He should offer to 
sell food technology at every opportunity. 

—Dennis Murphy 


Book Review 


Meruops or BiocHEeMICAL ANALYsIsS. Vol 8. Edited 
by David Glick, Professor of Physiological Chemistry, 


University of Minnesota. Interscience Publishers, 
Inc., 250 Fifth Avenue, New York 1, N. Y. 1960. 
IX + 400 pp. Price $10.00. 

This publication is a continuation of an annual 
series of volumes, started in 1954, to help the research 


worker keep abreast of the latest techniques and 
methods in specialized areas of biochemistry. 

The first chapter (A. T. James) is concerned with 
qualitative and quantitative determination of the 
fatty acids by gas-liquid chromatography. The first 
part of this chapter, on the apparatus and techniques 
used in gas-liquid chromatography, should prove of 
value to all those interested in one of the newest and 
most sensitive techniques of separation and analysis. 
The second part deals with preparation of the sample 
of fatty acids, separation, and analysis of the data. 
The author has included a great deal of important un- 
published data from his own laboratory, and a large 
number of ‘‘don’ts’’ and ‘‘cautions.’’ It is an excel- 
lent chapter, in both content and clarity, and should 
be invaluable to the biochemist working in the area 
of lipid composition and biosynthesis. 

The second chapter (A. M. Chase) is concerned with 
measurement of luciferin and luciferase in the three 
bioluminescent systems from which these compounds 
have been partially purified: luminous bacteria, the 
firefly, and the ostracod crustacean Cypidina hilgen- 
dorfii. Much of this chapter is devoted to details of 
the apparatus used for measuring light emission from 
these systems. Details are included for purification 
and assay of these systems, but the author complicates 
knowledge of the methods of measuring luciferin and 
luciferase more than he brings order out of chaos. One 
is left with the feeling that one must consult the origi- 
nal papers after all, in order to be able to work with 
these systems. The section on application of biolumi- 
nescent systems to measurement of adenosine triphos- 
phate and coenzyme A, the detection of traces of oxy- 
gen, and other possible uses should be of general 
interest. 

The third chapter (P. Talalay), on enzymic analy- 
sis of steroid hormones, reviews the preparation and 
use of hydroxysteroid dehydrogenases for the specific 
and sensitive microdetermination of the steroid hor- 
mones, their precursors, and degradation products. 
The author certainly demonstrates why the enzymatic 
methods may largely replace the relatively insensitive 
and unspecific chemical methods now employed for 
assay of this group of compounds. He points out the 
need for the significance of the discovery and purifica- 
tion of other enzymes (in addition to the alpha and 
beta hydroxysteroid dehydrogenases described here) 
eapable of using other sterols (or other positions on 
the sterol) as substrates. This chapter is recommended 
to those working in the area of sterols, particularly 
those in the medical profession or in the area of sterol 
biosynthesis, and to those interested in the area of 
practical enzyme applications. 

The fourth chapter (M. E. Seott) is concerned with 
application of aliphatic ammonium salts in the assay 
of the acidie polysaccharides such as chondroitin sul- 
fate, heparin, carrageenin, and pectin from tissues. 
This chapter deals largely with the physical and 
physicochemical aspects of the problem. Emphasis is 
on principles, general procedures, and typical exam- 
ples rather than on the quirks and peculiarities of 
isolated systems. This chapter will be invaluable for 
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those working in the chemical and biochemical aspects 
of acidic polysaccharides found in all plant and ani- 
mal tissues, and is recommended to those interested 
in the removal of these materials from certain foods. 

The fifth chapter (M. W. Whitside and F. Zilliken) 
is on isolation and determination of neuraminic 
(sialic) acids. Methods of analysis of sialic acids are 
particularly appropriate at this time, when a great 
deal of attention is being given to these aminocarboxy- 
octuloses, which are widely distributed throughout the 
animal kingdom, especially as components of the 
mucoproteins of blood, mucin, milk, egg white, etc., 
and have been found in certain bacteria. The authors 
give quite detailed procedures for the isolation of N- 
acetylneuraminie acid (from human milk, bovine sub- 
maxillary muein, and Escherichia coli) and methoxy- 
neuraminie acid (from urinary mucoproteins and 
mucolipids) and their identification and characteriza- 
tion by X-ray diffraction, infrared spectroscopy, and 
chromatography, and quantitative determination by 
colorimetric procedures. The authors have done an 
excellent job of presenting, in detail, the methods of 
analysis in only 21 pages. 

The sixth chapter (S. Schwartz, M. H. Berg, I. 
Bossenmaier, and H. Dinsmore) is concerned with the 
determination of porphyins in biological material. 
This chapter gives major emphasis to a consideration 
of the general principles derived from the physico- 
chemical properties of porphyins. Some of the more 
important specific analytical procedures are described, 
plus a consideration of alternative possibilities, limita- 
tions, and areas for future development. This chapter 
deals mainly with the porphyins of urine, feces, and 
erythrocytes, but not with hemoglobin and myoglobin. 
The coverage is comprehensive (approximately one- 
fifth of the volume), and the large collection of refer- 
ences should be invaluable. This chapter is intended 
primarily for those interested in the medical aspects 
of porphyins, but will be of value to other biochemists 
in this area. 

The seventh chapter (A. B. Lerner and M. R. 
Wright) deseribes techniques in which isolated pieces 
of frog skin are used for quantitative determination 
of melanocyte-darkening and -lightening agents. 
These techniques are surprisingly sensitive (10° 
molar MSH can be detected), but suffer from the same 
disadvantages of all bioassays. This brief chapter 
will be of interest to the worker starting in this field, 
but will be of little use to the established worker. 

The eighth chapter (C. Kitzinger and T. H. Ben- 
zinger) is concerned with the principle and method of 
heatburst microcalorimetry of energy changes. It 
deals with measurement of the changes in energy of 
a reacting biochemical system rather than with the 
changes in matter. A detailed account is given of the 
construction of a microcalorimeter that avoids elabo- 
rate temperature controls, constant-temperature 
baths, and complex electronic equipment. The instru- 
ment detects extremely small changes in heat quan- 
tities with great speed, as indicated by the applica- 
tions in which it was used. The authors have applied 
this technique to measuring changes in enthalpy of 
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asparagine and adenosine triphosphate hydrolysis and 
an antigen-antibody reaction, and changes in en- 
thalpy, free energy, and entropy of the reactions of 
fumarate to malate conversion and glutamine hydroly- 
sis. The method is so sensitive that it has been used in 
determining the purity of glutaminase. This chapter 
and method should be given careful consideration by 
all biochemists interested in measuring energy changes 
in reaction systems, 

This volume is a valuable addition to this series and 
will find a great deal of use by biochemists working in 
the areas described within the book. Chapter 8, and 
chapters 1 and 4 to some extent, help to make this 
volume of general interest. 

Joun R. 

Microscopic-ANALYTICAL MetrHops IN Foop 
Contrro.. Harris, K. L. (Editor). Food and 
Drug Technical Bulletin No. 1. U.S. Department of 
Health, Education, and Welfare. 1960. 255 pages. 
$2.00. 

This bulletin replaces an earlier publication, Micro- 
analysis of Food and Drug Products, which was Food 
and Drug Cireular No. 1. The new publication is a 
cooperative venture by members of the Division of 
Microbiology of the Food and Drug Administration, 
U.S. Department of Health, Education, and Welfare. 
Essentially, the purpose of the authors is to provide 
a background in microscopy which will be useful to 
analysts in regulatory and control activities. How- 
ever, the bulletin is envisioned as being more than a 
manual: it aims ‘‘to show the scope of this micro- 
scopic analytical work, the approach used, the appli- 
cation of such techniques to industry and regulatory 
problems, and the ways in which results ean be inter- 
preted.’’ Thus, it is hoped that the publication will 
also serve the needs of administrators, attorneys, and 
jurists—with the note, however, that ‘‘detailed appli- 
cation requires experience with reference and au- 
thentic materials. ’’ 

The first two chapters are directed to the general 
reader who wants to comprehend the relationship be- 
tween sanitation and contamination and the role of 
inspection procedures in this relationship. In this 
section there is also provided a legal background and 
a rationale for the inspection program of the Food 
and Drug Administration in the United States. Al- 
though Chapter 3 leaves the general background in 
order to take up specific problems of sample isolation 
and inspection techniques, the material given here 
could well be read with profit by the non-specialist. 
The presentation is highly readable. 

Chapter 4 gives the principles of microscope con- 
struction, together with helpful suggestions for the 
use of microscopic equipment. Particular attention is 
paid to photomicrography as applied to exhibit prepa- 
ration. Chapter 5 (20 pages) is devoted to the fungi 
associated with food decomposition, Chapter 6 (83 
pages) to insects in foods, Chapter 7 (10 pages) to 
parasitic Protozoa and helminths, Chapter 8 (21 
pages) to rodent and other animal filth, Chapter 9 (11 
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pages) to plant histology, and Chapter 10 (30 pages) 
to erystallographic study with polarized light. The 
final chapter (Chapter 11) is extremely short, dealing 
with examination of drug tablets and capsules. 

In essence, the broad aims of the bulletin have been 
served well. Within the limitation of the number of 
pages available and in cognizance of the probable 
background of the average analyst, the authors have 
accomplished a remarkably well-documented job. This 
reviewer was not completely satisfied with the degree 
of emphasis on each topic, but perhaps that has been 
governed by considerations other than the one of uni- 
form treatment. Within the purview of the principal 
goal, that of training an analyst, the balance of em- 
phasis here may well be the most useful one. 

Several topics have been completely omitted. A 
future edition should include a discussion of micro- 
chemical test methods to distinguish between food 
tissues and the contaminants. These tests have been 
particularly well developed in recent years and con- 
stitute a powerful adjunct to the morphological 
methods deseribed here. It is regrettable that no ma- 
terial on animal tissues has been presented and that 
the illustrations for plant histology and organography 
are so limited. Professor E. M. Mrak has complained 
about the lack of histological training for food tech- 
nology students: ‘‘They see a germinating seed of 
tomato and call it a worm!’’ 

Against these minor criticisms, there are many 
major positive aspects in this work. The material is 
well-organized, and the text is abundantly illustrated 
with striking photographs and photomicrographs. 
(Although many of the line-drawings are excellent, 
some seem to be rather uneven.) Each chapter has a 
bibliography which is quite useful, even though a few 
references are not up-to-date. However, the inelusion 
of bibliographic material is a marked improvement 
from the earlier, unreferenced publication. Particu- 
lar note should be paid the section on animal hairs in 
Chapter 8. This is most original and useful informa- 
tion which was not presented at all earlier. 

The work is well-written, and the publication is a 
visual delight. Undoubtedly, this bulletin has cost far 
more to produce than the price which is being asked. 
For the extensive use that it will receive from its 
principal audience of analysts and administrative 
personnel, the publication perhaps should have been 
bound in hard, rather than soft, covers. 

CLARENCE STERLING 


Fooo For America’s Future, 1960. Ethyl Cor- 
poration, McGraw-Hill Book Co., Inc., Publishers, 
330 West 42nd Street, New York 36, New York, 
167 pp. 

This timely little book is a splendid non-technical 
deseription of the means presently available or just 
over the horizon for feeding the U.S.A.’s 245 million 
people expected in 1975. It is divided into 12 chap- 
ters, each by a different author. In a sense, each 
chapter is a separate essay on a question something 
like: ‘‘ Will there be enough food by 1975 to maintain 
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present levels of consumption ?’’ The style of writing 
indicates, however, that there was a common editor. 
Therefore, although there is some repetition, the 
book generally flows smoothly and reads easily. 

Firman E. Bear, Editor-in-Chief of Soil Science, 
points out that there are presently about 11 acres of 
land in the United States for each of the 180 million 
people; by 1975 the area per person will not exceed 
9 acres; and by the year 2000 will be down to 6 acres. 
More than half of our land is not suitable for growing 
harvested crops. He also indicates that we are 
presently using about 350 million acres of cropland. 
He believes that this area could be doubled through 
irrigation, drainage, chemical treatment, or changed 
land use; and once the whole secret of plants’ ability 
to manufacture sugar is learned, assuming adequate 
energy sources, this country ought to be able to pro- 
duee enough food to feed a billion people and feed 
them well. 

Byron T. Shaw, Administrator of U.S.D.A.’s Agri- 
cultural Research Service, emphasizes the continued 
need for research to provide food for the future. 
Farmers must more than double the record-setting 
annual increases in output that have occurred since 
World War II to meet the needs of 1975—an increase 
of 35-40% during the next 15 years. Rogers and 
Barton, Agricultural Economists of the U. S. Depart- 
ment of Agriculture, have indicated that farm output 
could be expanded 35% by 1975 through application 
of presently known technology. (Rogers, Robert 0.., 
and Glen T. Barton. Our Production Potential, 1975, 
Agr. Info. Bulletin No. 233, U. 8S. Department of 
Agriculture, 1960. ) 

Thomas A. Boyd, a close associate of Charles F. 
Kettering, writes about Mr. Kettering’s study of 
plant growth. This chapter contains much of Ketter- 
ing’s optimistic philosophy. Despite the gap between 
present knowledge and application, few social scien- 
tists, if any, including Rogers and Barton, believe 
that research on physical or biological problems of 
agriculture should be stopped until the gap is closed. 
One quotation from Kettering emphasizes his point- 
of-view : ‘‘Research is something which, if you don’t 
undertake until you have to, it is too late. It is just 
as though you waited to see the smoke rolling out of a 
building before calling a fire insurance agent.’’ 

Richard President of Shell Chemical, 
discusses the need to control insects, diseases, and 
weeds to meet the needs of the future. He appears to 
forget about the low elasticity of demand for foods in 
discussing present dollar losses from insects, but be- 
lieves that with good research programs we are likely 
to develop new inseeticidal weapons faster than insect 
pests develop resistance against old ones. 


Kenneth 8. Adams, Chairman of the Board of 
Phillips Petroleum, believes we must maintain the 
productive power of our land through cropping prac- 
tices. He uses a rather odd method of justifying 
greater forage utilization—the low recovery of food 
value from grains by meat animals. He does not show 
that greater forage use would result in greater effi- 
ciency of resource use. He does an excellent job of 
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justifying his optimism about the availability of sup- 
plies of fertilizer and other soil-improving substances, 
industry ’s ability to meet the challenge of supplying 
the plant-food needs of tomorrow’s people, and agri- 
culture’s ability to close the narrowing gap between 
knowledge and application. 

Robert S. Stevenson, President of Allis-Chalmers, 
anticipates an additional 244 million traetors—50% 
more than presently—on U. S. farms by 1975. He 
also expects the trend toward more efficient tractors 
to continue. Dealers will become application engi- 
neers, and industry will be able to supply the equip- 
ment for power farming. 

Robert E. Wilson, Chairman of the Board (Re- 
tired) of Standard Oil of Indiana, sees no shortage of 
liquid fuels. Among the major new sources are the 
huge deposits of shale oil from which gasoline can 
presently be made at a cost of about 30% more than 
from petroleum. The major question to him is not 
whether farmers will be able to obtain oils but what 
kind of products will be needed to meet the demands 
of 1975. 

Philip D. Reed, Chairman of the Board (Retired) 
of General Electric, points out that one estimate indi- 
cates that U.S. farmers will need twice as much elec- 
tricity, appliances, and electrical equipment by 1975. 
He discusses many farm uses of electricity and quan- 
tity of product per man. He may be a little low on 
some of his figures on expected output per man. His 
estimate of total broiler production for 1975 was ex- 
ceeded in 1958. His expected 11% billion broilers is 
more likely to be 3 billion or more. 

Charles G. Mortimer, Chief Executive of General 
l’oods, indicates some of the probable differences in 
the diet of tomorrow resulting from better ineomes, 
diet consciousness, and differences in age distribution 
of the population. He foresees no major problems of 
meeting tomorrow's food needs. His figure of 25% 
of disposable income presently spent for food is about 
3% higher than those reported by the U. S. Depart- 
ment of Agriculture for recent years. 

Charles B. Shuman, President of the Farm Bureau, 
believes a free market price system will permit pro- 
duction to meet future needs. He does recognize the 
need for contractual relationships between producers 
and market operators, however. He also sees the need 
for controlling inflation and deflation. Non-economists 
should not be bothered by the statement: ‘‘ ... the 
value of money is impaired by declines in its pur- 
chasing power.’’ This is obviously an unintentional 
redundaney. 

Clifford M. Hardin, Chancellor of the University 
of Nebraska, discusses the role of education in pre- 
paring for the future. Among his hopes for the fu- 
ture is recognition of the college community as, not a 
factory but a unique place of free inquiry, teaching, 
and seeking for new knowledge 

Herrell F. DeGraff, Food Economist of Cornell 
University, makes a unique contribution among the 
group writing for this book by indicating that the 


real challenge for agriculture is achieveinent of a level 
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of living for farm families equal to that of families in 
other economic pursuits. 

If one were to be extremely technical, some fault 
could undoubtedly be found with each of the essays 
in this book. This does not detract from its worth 
as a good general survey of the food producing ea- 
pacity of the country. The book should prove interest- 
ing to all students of the food field, and The Ethy! 
Corporation is to be commended for sponsoring it. 
Thinking of our hemispheral relations one wishes, 
however, that in light of the content, ‘‘ United States’’ 
or some other synonym had been used instead of 
‘*America’’ in the title. 

R. H. Baker 
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Rasmussen and O. H. M. Wilder, 
American Meat Institute Foundation, 
939 East 57th Street, Chicago 37, 
Illinois. 


Rational Methods for Microbiological 
Control in the Production of Sausages, 
1957, M. Kheifets, Translated from 
the Russian. Available from the Office 
of Technical Services, U. 8S. Depart- 
ment of Commerce, Washington 25, 
D. C., 50 cents. 


Effect of Ionizing Radiation on Meat, 
1957, G. Egiazarov, Translated from 
Russian. Available from the Office of 
Technical Services, U. 8S. Department 
of Commerce, Washington 25, D. C., 
50 cents. 


Biochemical Changes of Beef Meat Dur- 
ing Its Seasoning in Brine, 1957, V. 
Solov’Ev S. Rubashkina, Translated 
from Russian. Available from the 
Office of Technical Services, U. 8S. De- 
partment of Commerce, Washington 
25, D. C., 50 cents. 
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What's the Best Particle Size 
for Your Product? 


Colloid Mill Gaulin Homogenizer 


Gaulin Technical Assistance will give you the answers 


You can make important changes in the chemical 
and physical properties of your product simply by 
controlling its particle size. 

A slight size reduction in dispersing, emulsify- 
ing or blending will change everything from its 
color to its taste, the speed with which it chemi- 
cally reacts, and almost every other property it has. 

Gaulin Technical Assistance gives you a chance 
to fully explore the advantages of various particle 
sizes—to find the best energy level (type of equip- 
ment) for your product. 

And since we manufacture a complete line of 
homogenizers, colloid mills and submicron dis- 
persers, we can provide you with the best means 
for achieving the particle size you desire. 


Gaulin Technical Assistance starts with the 
GTA Library of Product Information. Ask for 
special bulletins prepared on each type of equip- 
ment. Then call on Manton-Gaulin for our special- 
ized Technical Assistance. There’s no obligation. 

See Chemical Engineering Catalog for address of 
your nearby Manton-Gaulin Representative. 


MANTON 


Gaulin 


MANUFACTURING CO., INC. 

82 Garden St., Everett 49, Mass. 
World’s largest manufacturer of stainless 
steel reciprocating pumps, pressure exchange 
pumps, dispersers, homogenizers 
and colloid mills. 
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Practical, cost-saving techniques in natural and artificial flavor H. KOHNSTAMM& CO. INC. 


development originate in the Kohnstamm laboratories. More than a ‘ , ‘ 
century of experience can shed invaluable light on your present-day 161 AVENUE OF THE AMERICAS, NEW YORK 13, NEW YORK 


needs. Our book of flavor knowledge is open to you. Write today. 11-13 E. Illinois St., Chicago 11; 2632 E. 54 St., Huntington Pk., Calif. 
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The Reversibility of the Meat Thawing 
Process, 1957, O. Shagan, Translated 
from Russian. Available from the 
Office of Technical Services, U. 8S. De 
partment of Commerce, Washington 


25, D. C., 50 cents. 


BOOKS 


Modern Packaging, Encyclopedia issue 
for 1961, November 1960, Editor, Wil 
liam C. Simms, Packaging Catalog 
Corp., Emmett Street, Bristol, Conn., 
U. S. and Canada $3.00, other coun- 
tries $6.00. 

Foods Without Fads, 1960, E. W. Me- 
Henry, J. B. Lippineott Company, 
Philadelphia, New York, $3.50. 


PERSONNEL 


Continental Can Company, Chi- 
cago, has announced the appoint- 
ment of Rees B. Davis as Senior 

Research Scien- 
i tist in Packag- 
ing Research, 
Metal Division 
Research and 
Development at 
Chicago. Dr. 
Davis has been 
with the com- 
pany since 1955 


in package de- 


R. B. Davis 


velopment for 
foods and beverages, and related 
technical services. He received a 
Ph.D. degree in Food Technology 
at The Ohio State University. 


News Notes 


A series of weekly seminars 
sponsored by the University of 
California’s Department of Food 
Science and Technology was in- 
augurated March 17 by David E. 
Green, University of Wisconsin, 
speaking on ‘‘Mitochondrion and 
Biochemical Machines.”’ 

Dr. Green will be followed each 
week through May 26 by research 
scientists from throughout the 
U. S., Canada and Hawaii. 

The series, titled ‘‘New Hori- 
zons in Food Scienee,’’ will bring 
these speakers and subjects to the 
Davis campus: A. J. Haagen-Smit, 
California Institute of Technology, 
‘*Chemical Components and Food 
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Odors’’: W. O. Lundberg, Hor- 
mel Institute, University of Minne- 
sota, ‘‘ Nutritional Studies on Food 
Lipids’; N. T. Gridgeman, Na- 
tional Research Council (Can- 
ada), ‘‘Biometry of Sensory Ap- 
praisal’’; Z. I. Kertesz, New York 
State Agric. Exp. Sta., Cornell 
University, ‘‘Diet Patterns, Eceo- 
nomic Development and Food 
Technology’’; S. N. Timasheff, 
Eastern Regional Laboratory, 
USDA, ‘‘Physical Chemical 
Studies of the Associations of the 
Genetic Species of beta-Lactoglo- 
bulin’’; Samuel Lepkovsky, Uni- 
versity of California, Berkeley, 
‘*Sensory Properties of Food- 
What Good Are They?’’; Nello 
Pace, University of California, 
**Physiological Effects of Aleco- 
hol’’; Max Levine, Hawaiian De- 
partment of Health, ‘‘Facts and 
Fancies of Bacterial Indices in 
Standards for Waters and Foods’’; 
and B. S. Sehweigert, Michigan 
State University, ‘‘ Biochemical 
Changes in Meat During Storage.”’ 


The United States Department 
of Agriculture announced recently, 
the awarding of a contract to 
process CCC-owned oats into 5.2 
million pounds of rolled oats for 
distribution to needy families. 

The Quaker Oats Co., Cedar 
Rapids, lowa, received the contract. 


Further strengthening of the 
curriculum in the Department of 
Food Science and Technology at 
the University of California cam- 
pus comes with the announcement 
by George F. Stewart, department 
chairman, of the appointment to 
the teaching and research staff of 
Chemical Engineer Joseph M. 
Smith, presently at Northwestern 
University. Dr. Smith will join 
the department next summer as 
Professor of Food Science and 
Technology, and Chemical Engi- 
neer in the Experiment Station. 

Dr. Smith, well known for his 
work in heat transfer and fluid 
mechanics, will teach a course in 
engineering principles for food 
processing operations to upper- 
division and graduate students, 
and a graduate course in heat 


transfer and fluid dynamics. At 
the same time, he will develop an 
independent research program on 
basic and applied engineering 
science related to food processing, 
with emphasis on heat transfer 
and fluid mechanics problems. 

The U. C. Department of Food 
Science and Technology is pres- 
ently staffed by chemists, biochem- 
ists, microbiologists, and technolo- 
gists dealing with basic and applied 
investigations into food processing 
and marketing. Their activities in- 
clude undergraduate and graduate 
teaching, and research. The teach- 
ing program is heavily oriented 
toward the graduate level; the re- 
search toward basic and applied 
work on the chemistry, biochemis- 
try, biophysics, and microbiology 
of foodstuffs and food components. 
The appointment of Dr. Smith will 
now expand the research investiga- 
tions into basic and applied engi- 
neering fields. 

Dr. Smith is presently professor 
of chemical engineering, and chair- 
man of the department, at North- 
western University. He previously 
served as dean of the College of 
Technology, University of New 
Hampshire, and on the faculties of 
the University of Maryland and 
Purdue. His commercial experi- 
ence has included engineering posts 
with The Texas Co., Standard Oil 
Co. of California, and the Pub- 
licker Commercial Alcohol Co., 
Philadelphia. 

Graduating in 1933 from Poly- 
technie High School, Long Beach, 
Calif., Dr. Smith received the B.S. 
degree in Applied Chemistry from 
the California Institute of Tech- 
nology in 1937, and the Se.D. de- 
gree in Chemical Engineering from 
the Massachusetts Institute of 
Technology in 1943. 

Active in several professional so- 
cieties, Dr. Smith is a member of 
the American Chemical Society, 
the American Institute of Chemi- 
eal Engineers, and the American 
Society for Engineering Educa- 
tion. 

Born in Sterling, Colorado, in 
1916, Dr. Smith is the son of Mr. 
and Mrs. Harold R. Smith, 1006 
W. 19th St., Santa Ana, Calif. 
Smith, his wife, Essie, and their 
two children will live in Davis. 
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AS DISPLAYED AT I.F.T. MEETING 


Front end view showing external 
bearing, hinged cover 
and continuous screw. 


THERMASCREW 


WATER BLANCHERS 


BY 


for 
Cooking - Cooling - Blanching 


RIETZ MODEL TLW WATER BLANCHERS 
Offer Unique, Specific Advantages 


« Large water volume provides exceptionally high capaci- 
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SITUATIONS WANTED . 


Reply directly to ad BY BOX NUM- 
BER (where indicated) via: Executive 
Secretary, Institute of Food Technolo- 
gists, 176 West Adams Street, Chicago 
3, Illinois. 


POSITION DESIRED in areas of tech- 
nical sales, sales development, sales serv- 
ice, or product development. Fifteen 
years experience in application of stabi 
lizers to food products performing above 
duties. Prefer West Coast. Will discuss 
other locations. REPLY BOX 858. 


AVAILABLE: Ph.D. Food Teehnolo- 
gist—3 yrs. industrial experience in 
Product Development and Improvement 
of Prepared Mixes and Refrigerated 
Dough Products. Desires position in 
industrial research and/or development. 
Salary $10,000. REPLY BOX 854. 


Industry research, product development 
and academic research are respective 
areas of interest to young, available, 
Ph.D. food technologist. Salary, $8,000. 
REPLY BOX C-1109. 


Experienced packaging individual de- 
sires product development, production, 
or packaging research position which 
will allow independent operation. 
Salary, open. REPLY BOX A-2106. 


ties in smaller floor space. 


Complete continuous immersion of product in water at 


controlled temperature insures uniform blanch. 


B.S. in biochemistry desires lab and/or 
panel research, or statistical quality 
control manager position. Product 


preferences 


include edible nuts, con- 


« Completely sanitary: all parts in contact with product 
or water are stainless steel; all bearings are outboard, 
protected with lip seals — no grease or oil contamination. 


or 
se 


time use. 


Gentle action for safe handling of fragile products. 
Heavy duty construction gives maintenance-free life- 


ry * Diameters from 24” to 48”— Lengths from 10’ to 20’. 


TYPICAL 
PRODUCT APPLICATIONS 


All vegetables and fruits, 
including 


Discharge end view showing discharge chute and 
housing for bucket type draining reel. 


Equipment for the Process Industries 
Size Reduction - Mixing « Heat Exchange 


MANUFACTURING COMPANY 


Santa Rosa, Califorma + West Chester, Pennsylvania 
Sales and Engineering Offices in Principal Cities 


fections, and deep fat fried products. 
Salary, $8,500. REPLY BOX A-2107. 


Product development or quality control 
position desired in Chieago area. Indi- 
vidual has ten years experience in qual- 
ity control covering a wide range of 
food items including military rations. 
Salary $8,400. REPLY BOX A-0301. 


Mature individual with a preference for 
and experience in fruit and vegetable 
production and procurement wishes po 
sition involving field work in processing 
crops. Also interested in extension edu 
eation. Salary, $7,000. REPLY BOX 
A-6101. 


Chemistry graduate desires position in 
industry research. He has had extensive 
experience in meats, but would consider 
u position as chemist working with other 
products. Salary, $8,000. REPLY BOX 
A-2108. 


Position in technical service or as labo- 
ratory supervisor desired by 1949 
chemistry graduate. Products worked 
with include sugars, syrups, and con- 
fections (250 items). Experience in- 
cludes quality control, product develop- 
ment, production, packaging, sales and 
merchandising. Midwest location pre- 
ferred, but not required. Salary, 
$14,000. REPLY BOX A-2109. 


Food technologist or lab technical posi- 
tion desired by individual with eight 
years quality control experience. She 
prefers to work with fruits and vege- 
tables, and jams and jellies, but is also 
interested in cereals and baked goods, 
sugars and syrups, confections, flavors 
and colors, and fats and oils. SALARY, 
$5,700. REPLY BOX A-9103. 
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always taste better made with 
Food Materials custom flavors 
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the water-soluble mold inhibitor you’ve been asking for! 


— Fruit juices and cocktails . . . vegetable juices .. . 
pastries and cakes... pickles... cider... salads... 
syrups and flavored sauces—these are just a few of the 
food products you can easily and profitably protect from 
spoilage with SENTRY Potassium Sorbate. Potassium 
Sorbate is 58 per cent soluble in water at room tempera- 
ture! Soluble, too, in alcohol, brine, and sucrose solutions. 
So, no costly mixing equipment is needed to put Potassium 
Sorbate’s mold resistance in your product. 

Potassium Sorbate is the new companion to Sorbic, 
CARBIDE’S food grade sorbic acid. At the recommended 


effective concentrations, both are safe (they are digested 
like butter fat) and neither affect taste, aroma, or appear- 
ance in most foods. Of course, as with any new ingredient, 
you should test them in your own products. 

SENTRY Sorbic and Potassium Sorbate are available 
now in commercial quantities. Evaluate them both in 
your products today. Get information and SAMPLES 
from the Technical Representative in the nearest CARBIDE 
office. Or write Department B, Union Carbide Chemicals 
Company, Division of Union Carbide Corporation, 270 
Park Avenue, New York 17, New York. 

SENTRY is a registered trade mark. 


: for longer keeping life... SENTRY SORBIC and POTASSIUM SORBATE 
. UNION CARBIDE CHEMICALS COMPANY 
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M.S. with experience in dairy, cereals, 
and beverages desires position similar to 
director of development and research. 
Salary, $15-20,000. REPLY BOX 
B-4101. 


Administrative position desired in area 
of product development, industry re- 
search or quality control by experienced 
M.S. Salary, $10,800. REPLY BOX 
B-4102. 


1950 graduate with B.S. in food tech- 
nology desires position in product de- 
velopment, production, technical sales, 
technical service, packaging, or quality 
control. Salary, $8,000. REPLY BOX 
A-1115. 


Experienced man desires quality control, 
product development, or production posi- 
tion in the area of vegetables and fruits. 
Salary, $12,500. REPLY BOX A-5102. 


Research food technologist position de- 
sired by individual with recent M.S. 
food technology. Product preference in- 
cludes meats, vegetables and fruits. 
Salary, $8,000. REPLY BOX B-1111. 


1956 graduate with B.Sc. in Home Eco- 
nomics indicates she is interested in a 
product development or food promotion 
position. Salary, $6,200. REPLY BOX 
A-8401. 


M.S. with experience in food manufac- 
turing desires position as food technolo- 
gist, bacteriologist, or in production. 
Salary, $8,500. REPLY BOX B-4103. 


Quality control position with primary 
emphasis on frozen foods desired by 1955 
food technology graduate. Salary, $5,800. 
REPLY BOX A-1116. 


Technical service position desired by 
individual interested in dairy products. 
Interest range also includes quality con- 
trol and research. Salary, $8,000. RE- 
PLY BOX B-5103. 


M.S. in food science desires position as 
production manager. All experience has 
been in this area. Salary, $11,000. RE- 
PLY BOX B-1112. 


Experienced chemistry graduate desires 
position working with dairy products or 
cookies. Her position preference is prod- 
uct development, industry research, and 
quality control. Salary, $8,000. REPLY 
BOX A-2104, 


Another new food technology M.S. with 
a B.S. in bacteriology desires academic 
research and/or teaching position, with 
emphasis on microbiology. She has had 
two years experience in academic re- 
search. Salary, $6,000. REPLY BOX 
B-1113. 


1957 chemistry graduate interested in 
cereals, baked goods, and fats and oils, 
desires production, technical service or 
quality control position. Salary, $7,200. 
REPLY BOX A-2105. 


Bacteriology graduate desires production 
or quality control position as food tech- 
nologist to work with canned foods. 
Salary, $7,000. REPLY BOX A-4102. 


Recent M.S. in microbiology desires in- 
dustry research, production, or product 
development position. Primary area of 
experience is with algae; however fruits, 
vegetables, fats, oils, and carbonated, 
distilled and fermented beverages are 
also encompassed. Salary, $7,000. RE- 
PLY BOX B-4401. 


Young Ph.D. desires commercial re- 
search and development position which 
deals with poultry, eggs, or meats. 
Salary, $8,000. REPLY BOX C-0103. 


Position as Q.C. Manager for Institu 
tional Distributors group desired by 
B.S. with heavy experienee in Q.C. of 
fruits and vegetables. Salary, $10,000. 
REPLY BOX A-0101. 


Line or staff position in manufacturing, 
packaging or engineering desired by 
experienced factory management grad- 
uate. Salary, $10,000. REPLY BOX 
A-0104. 


Mature individual with heavy experi- 
ence in product development, produe- 
tion, engineering, and quality control 
desires production and laboratory su- 
pervision position. He holds an Se.D. 
in colloid chemistry. Salary, $9,000. 
REPLY BOX ©-2102. 


Young chemist and biologist desires 
R & D position in food industry. Ex- 
perience has been from bench formula- 
tions through pilot and plant produe- 
tions. Salary, $7,000. REPLY BOX 
A-0105. 


Heavy experience in product develop- 
ment, quality control, and technical 
service are characteristics set forth by 
Ph.D. in chemistry who desires to work 
with flavors, cereals and baked goods 
on a eontract or consulting basis. RE 
PLY BOX A-638 


Research or teaching position desired 
by individual with Ph.D. Product pref- 
erences include fruits, vegetables, cof- 
fee, tea, confections, carbonated bever- 
ages, and cereals and baked products, 
Salary, $9,000. REPLY BOX C-6102. 


Plant Engineer in processing plant is 
type of position desired by man with 
degree in Dairy Industry/Food Tech 
nology and Mechanical Engineering. 
Areas of experience inelude dairy, and 
freezing and cooling fresh produce and 
poultry. Salary, $11,000. REPLY BOX 
A-0109, 


3.8. degree in Chemistry and Mathe- 
maties, 8 yrs. exp. in Statistical Quality 
Control and as Governmental Food Con- 
trol Chemist. Some experience with 
meat. Able to handle correspondence 
and personnel. Desire position in pro- 
duction, technical service or quality con- 
trol in South or Southwest. Salary 
$7,000. REPLY BOX 857. 


B.S. in Home Economies with major in 
nutrition and dietetics desires position 
as home economist with preference 
towards the area ~* organoleptic evalu 
ation. She is « vereinced in meats, 
soup bases and seasonings. Salary, 


$7,200. REPLY BOX A-0103. 


Man with experience in cereals, baked 
goods, sugars, syrups, and beverages 
seeks sales or technical sales position. 
Has also worked in product develop- 
ment and Q.C. Salary, $7,000. REPLY 
BOX A-0106. 


Q.C. or product development position 
desired by individual with experience 
in these areas. Has worked with olives, 
condiments, sugars, syrups, poultry, 
eggs, flavors, and colors. Salary, $7,800. 
REPLY BOX A-0107. 
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All the delicate appeal s 
of fresh;tree-ripe peaches... 


...captured for you in Givaudan’s 


IMITATION PEACH FLAVOR 


This new member of Givaudan’s flavor family exactly 
reproduces the mouth-watering goodness of rich, ripe peaches. a 

All the delicate nuances of aroma and flavor are captured and 

concentrated for use in your ice creams, sherbets, candy, 

pie fillings and pharmaceutical products. Our peach flavor = 

is also recommended as a modifying note for orange or cherry arTATION 
beverages, and is available in powdered or liquid form. To raw 

achieve the full natural flavor of fresh peach in your product, try 

Givaudan’s Imitation Peach. Write for samples and full information. 
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Inc. 321 West 44th Street, New York 36, N. Y. : 


POSITIONS AVAILABLE 


Reply directly to ads BY BOX NUM- 
BER (where indicated), including the 
company name of your current employ- 
er, via: Executive Secretary, Institute 
of Food Technologists, 176 West Adams 
Street, Chicago 3, Illinois. 


FOOD TECHNOLOGIST 

Food Technologist with minimum of 
two years experience in meat, cheese or 
poultry fields to work on existing and 
new applications of flexible’ plastic 
packaging. 
Plant located in Cedar Rapids, Iowa. 
Will do laboratory and field develop- 
ment work. Must be willing to travel 
and relocate. Send complete résumé to: 

W. R. GRACE & CO. 

Cryovae Division 
Cedar Rapids, Lowa 
Attn: Personnel Mgr. 


FOOD TECHNOLOGY, MAY, 1961 


FOOD TECHNOLOGISTS 
B.S., M.S., Ph.D. 
Mead Johnson & Company’s continuing rapid growth has created new research 
positions at all degree levels in the development of nutritional food products. 
Development of products meeting high standards of nutrition, acceptance, and 
stability. Seope of responsibility and salary will depend on experience and training. 
Liberal employee benefits and relocation allowances. Please send salary require- 


ment and résumé to: 


Manager, Technical Employment 
Mead, Johnson & Company 
Evansville 21, Indiana 


WANTED: Another Quality Control 
Manager Trainee for Frozen Bakery 
Product Company. Relocation to be ex- 
pected. Personnel policies excellent. 
Some experience in bacteriology, chemis 
try, dairy and bakery products helpful. 
In reply specify pertinent training, ex- 
perience, salary requirements, draft 
status. Address replies to BOX 855. 


WANTED: Food Technologists for lab 
and development work on frozen bakery 
products. Outstanding opportunity for 
beginner or man with one or two years 
experience who can demonstrate promise 
for growth. In reply specify pertinent 
training, experience, salary require- 
ments, draft status. Address replies to 
BOX 856. 


FOOD TECHNOLOGISTS 
PACKAGING ENGINEER 
CHEMISTS 
Our Research & Development requires a 
larger nucleus around which we can base 
future expansion. Recent graduates at 
the B.S. or M.S. level, with academic 
specialization or industrial experience 
in the food processing industry, are in- 

vited to submit résumés. 
Interested persons should forward a 
résumé to: 
Personnel Manager 
BEECH-NUT LIFE SAVERS, INC. 
Canajoharie, New York 


TECHNICAL SALESMAN 
Opportunity with expanding, financially 
sound food emulsifier manufacturer. Old 
established company moving into modern 
new plant spring 1961. Position requires 
experience in technical sales support or 
sales. Assignments demand negotiation 
and selling at highest policy-making 
level. Loeation will be New York City. 
Salary open. Address replies to BOX 
842. 


WANTED: College graduate, major in 
Chemistry or Food Technology for work 
in southeastern pickle plant as head of 
Quality Control and Assistant Plant 
Manager. Production background pre- 
ferred, but pickle experience not re- 
quired. Established company. Reply 
should inelude education, age, experi- 
ence and present salary. BOX 841. 


FOOD PROCESSING ENGINEER 


Unique Professional Opportunity at 


Our company, a leader in the growing industrial gas industry, 
is expanding the activities of its Applied Research and Devel 
opment Department. This group is directly concerned with new 


technological developments involving such gases as oxygen, 
nitrogen, argon, helium, and hydrogen. 


We have a responsible position for an imaginative engineer to 
plan and earry out programs for the improvement and develop 
ment of techniques for food preparation, packaging and stor 
age, emphasizing the use of inert gaxes. 

This job will involve experimental work, augmented by trial 
tests on a cooperative basis with food processors. 


The qualified man will be a chemical engineer (BS or MS 
with a minimum of 3 years’ experience in research, develop 
ment or application of quick-freeze concepts, inert gas packag 
ing or vacuum packaging in the food industry. 


To arrange confidential interview, send résumé, including sal 
ary requirements to Manager of Recruiting, Department 3107. 


.. INCORPORATED 
ALLENTOWN, PA. 


SENIOR PROCESS ENGINEER 
(Food Drying) 


The Pillsbury Company has an unusual 
opportunity available for a man to 
spearhead food drying program in 
process research. Primary responsi- 
bility will be the evaluation of drying 
processes and application of these proe 
esses to wide range of products. Prefer 
a man with MS or Ph.D. in Chemieal 
Engineering with experience in selee- 
tion, preparation, and drying of food 
products. Background in pilot plant 
design or plant design and operation. 
Locate in Minneapolis, Minnesota. Posi- 
tion represents an excellent opportunity 
for personal and professional growth. 
All replies treated in complete confi- 
dence. Send résumé to: 


Calbert Butler 
THE PILLSBURY COMPANY 


Minneapolis 2, Minnesota 


Senior chemist. Midwest location. 
Ph.D. in food technology or related 
field required for product development 
and applied research position, Me 
dium-sized manufacturer of nutritional 
and pharmaceutical products. REPLY 
BOX Z-1303. 


Instructor in research. Midwest loca- 
tion. Background in chemistry, bac- 
teriology, or statistics necessary to work 
in quantity food research program in a 
College of Home Economics. REPLY 
BOX X-2208. 


Food Technologist. Midwest location. 
B.S. in food technology or related areas 
required. Position entails food product 
development with all commodities. RE- 
PLY BOX X-1312. 


Food Technologist/Food Chemist. East- 
ern location. Several positions open to 
individuals with B.S. or better and 
strong background in chemistry. Ex- 
perience should be with fruits, vege- 
tables, cereals, fish, dairy products, oils, 
fats and emulsifiers, or flavors. RE- 
PLY BOX X-0203. 


Assistant Director of Research. Mid- 
west location. Degree in chemistry or 
food technology with ten years experi- 
ence in developing food products, and 
a history of independent operation de- 
sired. Position includes new product 
development in dairy, ice cream, and 
food vending fields. REPLY BOX 
X-0305. 
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Product Development Supervisor. Mid- 
west location. Two to four years ex- 
perience in product development, food 
preservation and packaging desired. 
Scientific degree required for work en- 
tailing investigative work on formula- 
tions and preservation of foods. RE- 
PLY BOX X-0303. 


FOOD TECHNOLOGY, MAY, 1961 


Manager—Statistical Quality Control. A 
scientific degree and two to four years 
of statistical quality control work re- 
quired. Individual selected will develop 
and maintain a statistical quality con- 
trol program. REPLY BOX X-0304. 


Chemist. Midwest ioeation. Degree in 
food technology, biochemistry or related 
field. No experience required. Duties 
entail product development and applied 
research on nutritional specialty prod- 
ucts. REPLY BOX X-1313. 


Food technologist—cereal and baked 
products. Midwest location. B.S. with 
some graduate work completed. Product 
development work on cereal products for 
armed forces rations. REPLY BOX 
X-0302. 


Packaging Engineer. Eastern location. 
Will conduct research on packaging ma- 
terials and the finished package. B.S. 
in Package Engineering or closely re- 
lated seience required. Salary, $7,200. 


REPLY BOX X-0201. 


CANDY 
TECHNOLOGIST 


Our research division has a chal- 
lenging opening for a Candy 
Technologist who has had respon- 
sible experience in the formula- 
tion, product development and 
process development of chocolate 


coated confections. 


Man selected will develop com- 
plete new line of confections for 


our Kraft division. 


Outstanding research and devel- 
opment facilities and employee 


benefits. 
Salary open. 


Send Résumé to 


NATIONAL DAIRY 
PRODUCTS 
CORPORATION 


(Kraft, Sealtest, HumKo Oil, 
Metro Glass, Breakstone and 
Sugar Creek) 


801 Waukegan Road 


Glenview, Illinois 


FOOD TECHNOLOGIST 


An immediate opening exists in our 
Quality Control Department for a 
Food Technologist to institute sta- 
tistical Q.C. programs in procure- 
ment and product Q.C. Perform 
machine quality studies; institute 
and maintain statistical acceptance 
program for raw materials and fin- 
ished goods. 


College graduate, food technology 
with minor or post-graduate statis- 
tical training and practical experi- 
ence in the food industry. Salary 
commensurate with qualifications 
and experience. Send complete 
résumé to... 


Employment Supervisor 


THOMAS J. LIPTON, INC. 
1500 Hudson St. 
Hoboken, N. J. 


| Consultation and Research since 1922 | 
and 
esearch 


arte 


Toxicology 
Pharmacology 
Nutrition 
Biochemistry 
Bacteriology 


L. OSER PH.D. 
Ikrector 


Maurice Avenue 
at 58th St., Maspeth 78 
New York City 

* TWining 4-0800 


WHERE EXPERIENCE COUNTS 


PROFESSIONAL DIRECTORY 


SPECIALIZED PLACEMENT 
Service For Men 
In The Field Of 
FOOD TECHNOLOGY 


Our clients are—National—Our Serv- 
ice—Confidential—rapid—effective 


Forward a resumé—or, if you have not 
prepared one—mail your name and ad- 
dress for further information to 


TOM WHITE 
DRAKE PERSONNEL, INC. 
29 E. Madison Chicago, Ill. 
Tel. FI 6-8700 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leading laboratory and technical service 
to the food and beverage industries. 
We offer thorough, expert advice on food 
problems of all types, analyses, flavor 
evaluations, product development, le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send you our brochure? 

SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 

Phone- MO 4-1100 Cable: Swoknip 


COMPLETE SERVICE... 
for the FOOD INDUSTRY! 


Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 


SCIENTIFIC ASSOCIATES 
3755 Forest Park Avenue 
St. Lowis 8, Mo. JE. 1-5922 


TRUESDAIL 
Laboratories, Inc. py | 


Member: American Counc:! of Independent Laboratories 


FOR LEASE 
Refrigerated Storage in Houston 
© Will lease reasonably all or part of 

40,000 square feet. 
One of the finest refrigerated facil- 
ities in the Southwest. 
Thermostat-controlled, both dry and 
wet cold storage. 
Modern and new, centrally located 
with easy access. 
Includes railway siding, conveyers, & 
air-conditioned office space. 
Will lease with option to buy equip- 
ment. 

CONTACT NED GILL 

OIL & GAS BUILDING 

CA 5-0234, HOUSTON, TEXAS 


ENZYMES 
and ENZYME Products 
Lipase Enzyme preparations from calf, kid 


goat and lamb animal glandular sources. 

a ® An enzyme modified whole 
Wd Lact milk powder for developing 
a rich, distinctive flavor in milk chocolate, 


and chocolate coatings, and for emphasizing 
desirable cheese flavors in dips and sauces. 


Write for ples and lite e. 


DAIRYLAND FOOD 
LABORATORIES, INC. 
P. 0. Bex 486, Waukesha, Wisconsin 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Tenicity Studies, insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Schedule 
jadison |} 


Write for Pri 
P.O. Box 2217 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging —Toxicological, 
Mycological and Bacteriological 


Investigations 


United States Testing Co., Inc. 


1415 Park Ave., Hobokén, N. J 
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Penicks 
Flavors 
put the 


‘pickle’ 


In the 


Here’s the easy, economical way to get the full 
flavor of spices right to the heart of your pickles! 
Penick’s Spiceal Flavors are pure essential oils 
and oleoresins of natural spices, combined with 
an edible surface-active agent, polysorbate 80. 
Spiceals are water-miscible. They disperse readily 
throughout the batch and penetrate the pickle 
uniformly. 

Spiceal Flavors are work-savers, space-savers, 

and money savers, too. You actually need less 
because you get thorough, even flavor distribution. 
Penick makes a comprehensive variety of 
flavoring materials in Spiceal form. A few that 
are especially suitable for pickles are listed below. 
We'll be glad to send samples and information 
on these or any others you may need. 


SPICEAL® Natural Spice Oils and Oleoresins 


Allspice Clove Coriander Dill 


Garlic Turmeric... and many more! 


Aromatics and Flavors Department 
S.8.PENICK & COMPANY © 100 CHURCH ST., NEW YORK 8 * 735 W. DIVISION ST., CHICAGO 10 
LOS ANGELES SAN FRANCISCO PORTLAND, ORE. 
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When all is said and done... 


NOTHING 
TASTES SO TRUE 


TO NATURE 


Norda 


Flavor it with a favorite 


Exclusive Basic Materials for: Candy and Chewing Gum, Dairy Products (Ice Cream and Cheese), Soft Drinks, 
Desserts (Puddings and Gelatins), Meat Products, Syrups, Bakery Products (Cake Mixes, Crackers, Snack 
Items), Pharmaceutical Products, Liquors and Cordials. 


Write on your letterhead for free samples. 
NORDA, 601 W. 26 St., New York 1, N.Y. * Chicago * Los Angeles * San Francisco * Toronto * Montreal * Havana * London * Paris * Grasse * Mexico City 
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